AD-A145 637 TERRAIN ANALYSIS PROCEDURAL GUIDE FOR SURFACE 1/8
CONFIGURATION{U) ARMY ENGINEER TOPOGRAPHIC LABS FORT
BELVOIR VA O MINTZER ET AL. MAR 84 ETL-035

UNCLASSIFIED F G 15/4 NL




"" 1O ke 2

= I
T
e g

—
.
—
re

r

ir

2

=] &N

B

MICROCOPY RESOLUTION TEST CHART
NAT:ONBL BUREAU OF STANDARDS - 1963 - %




ETL-0352

Terrain analysis procedural
guide for surface configuration

N~

™

©

Ty

<

o

h

()

<

MARCH 1984
pTIG

8 SSEP 19 1984 |
= A
g R e
D

5
U.S. ARMY CORPS OF ENGINEERS

ENGINEER TOPOGRAPHIC LABORATORIES
FORT BELVOIR, VIRGINIA 22060

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UN]I:IM%’ED O 1 8




Destroy this report when no longer needed.
Do not return it to the originator.

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other
authorized documents.

The citation in this report of trade names of commercially available
products does not constitute official endorsement or approval of the
use of such products.

o



UNCLASSIELED

SECURITY LLASSIFICATION OF THIS PAGE ‘When Date Entered.

READ INSTRUCTIONS

4
REPORT DOCUMENTATION PAGE L perAbNSTRUCTIONS
T REPORT NUMBEFR 2. GOVImACC E 5510 ~01 RECIFQIWT'S CATALOG NUMBER
S AGEVAY
ErTLeUDhY !
T
4 TITLE (ana Subtitie’ d 7 |'s. TYPE OF REPORT 8 PERIOD COVERED

Terrain Analvsis Procedural Guide for
Surface Configuration (Report No.12 in the ETL Technical Report

Series on Guides for Army Terrain Analysts) € PERFORMING ORG. REPORT NUMBER
o NA
T AUTHOR:a 8. CONTRACY OR GRANT NUMBER(s)

N

wiin Mintzer
Jeffrev A. Messmore NA

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10 2:22‘;!2 EnLEMENY. PROJECT. TASK
. - . . - N . . T
U.3. Armv Engineer Topographic Laboratories ORK UNIT NUMBE RS

Geographic Sciences iaboratory

Fort Belvoir, Virginia 22060 QG48550C21
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORY DATE
C.S. Army Engineer Topographic laboratories March 1984

13. NUMBER OF PAGES
244

14 MONITORING AGENCY NAME 8 ADDRESS(i! driferent feom Controlling Qlfice) 1S. SECURITY CL ASS. (of thia report)

Tort Belvoir, Virginia 22060

Unclassified

15a. DECL ASSIFICATION 'DOWNGRADING
SCHEDULE

16 DISTRIBUTION STATEMENT ruf this Repors

Approved for Public Release: distribution unlimited.

17 DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if difterent from Report)

18. SUPPLEMENTARY NOTES
This report contains material from TERRAIN ANALYS1S, 2nd Edition, bv

Bousias S. owav. Copvright 1978 by Dowden, Hutchinson & Ress, Inc.,
Strouaspurg, A,  rRepganted bv permission of the publisher.
N P
19. XEY WO'RDS (Continue on reverae side ilnecassary and identtty by Block-number)
Terrain Analysis Military Geographic Information s
Remote Sensing Geology/Soilse Slope
Topography Factor Mapping, Landform
Aerial Photographyv Surface Roughness Photo Interpretation
s DR A L TR ‘:’,"-_.4,1“‘- - A=

20 ABSTRACT (Continue on reverse side If necessary and identify by block number) .
This procedural-guide is an instructional manual for the use of the U.S.
Armyv Terrain Analvst when preparing the following factor overlays- slope,
landform, and surface roughness. These overlays are constructed from the
analvsis of the combined data extracted from literaturec, topographic maps,
and aerial/LANDSAT imagery. A catalog section includes the descriptions
of photo pattern, topographic map., and surface roughness data elcements

for thirty-seven tvpical topographic/geologic forms. '

~

JAN 73 ‘ R
UNCLASSIEIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Fntered)

DD o™ ]473\( EDITION OF 1 NOV 65 15 OBSOLETE




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

SECURITY CLASSIFICATION OF THIS PAGE/When Data Fntered)




PREP S

This guide for Surface Configuration . one of a Serles of Anolae
and svnthesis Cuildes to be produced. Tt i+ sntiernated that aftor -ora
prodific tionys, the guides will be publisne? as Denarmment o Sy omanw
Por this reason, critic o comments and saovest Ione are reciestod oyt
authors.,

ithe vublished cunde s In this seric s o
i
Number duthors Title AD Number
eTL-0178 Jeffrev A. Messmore TERRAIN ANALYSTS PROACEDURA! AD~ATDRS T3
Tetire L el [ S Loneort
Alexander R, Pearsen Nuo. . in rhe Series on
Guides for »rmv Terrain
Anaivsts)
LL=-N205 Theraore L. Wogel TERYAIN AD-A090 021

James Yazeliaar AL~AGEC el

FTL-D22G  Alexander *. Pearscn SYNTHESTL WL 1oE FoR Allacla 0T
Jjaret S. Wright CROSS-COUNTRY MOVEMENT

(Report No. 4...)

ETL-0247 Roland J. Frodigh TERRAIN ANALYSIS PROCEDURAL AD-AQ9T 158
GUIDE FOR CLIMATE {Report
No. 5...1

ETL-0254 Janet S. Wrignt TERRAIN ANALYST: PROCEDURAL AL—AIOT 0%
Theodore C. Vogel GUIDE FOR SCJ! (Report
Alexander R. Pearson No. Ao

Jeffreyv A. Messmore

ETL-C263 lames Tazelaar AD-Alue 0¥

ETL-N28¢ Jeffrey A. Messmere TERRAIN ANALTSTY PROCEDURAL
GUIDE TCh DRAINALE AND WATER

RESOURCES (Rep~rt No. 8...°

ETL-0283 Rohert A. ralls SYNTHESTS GUIDE FOR IBSTACLE AD-Alid a7
SITING (Report wNo. 3...°

£Ti.~0311 James Tazelaar TERRAIN ANALYSIS PROCEDURAL AD=AL121 .50
GUIDE FOP RAILROADS (Report
No. 10...1

£TL-0344 Jeffrev A. Messmore SYNTHESIS ¢'IDE FOR RIVER
CROSSING :Report Ne. 11...)

This study was initiated under DA Prcject 4A762707A855, Task C,
Work Unit 21, "Military Geographic Analysis Technology.” The current
designation is QG48550C21.




This study was done under the supervision of A.C. Elser, Chief, MGI
Data Processing and Products Division; and Messrs.K.T. Yoritomo, W.E.
Boge, and B.K. Opitz, Directors, Geographic Sciences Laboratory.

Colonels Daniel L. Lycan, CE, and Fdward K. Wintz, CF, were the
Commanders and Directors and Messrs. Robert P. Macchia and Walter E.
Boge were Technical Directors of the Engineer Topographic Laboratories
during this report preparation.

Portions of Sections 5 and 7 of this report are from TERRAIN ANALYSIS, 2nd
Edition, by Douglas S. Way. The following TERRAIN ANALYSIS figures

were reprinted by permission of the publisher: Fig, 2.5, p. 53; Fig. 5.4,
p. 83; Fig. 5.5, p. 84; Fig. 6.1, p. 143; Fig. 6.2, p. l44; Fig. 7.1, p.
179; Fig. 7.2, p. 180; Fig. 8.5, p. 207; Fig. 8.6, p. 208; Fig. 9.3, p. 267;
Fig. 9.4, p. 268; Fig. 10.4, p. 293; Fig. 10.5, p. 294, Copyright 1978 by
Dowden, Hutchinson & Ross, Inc., Stroudsburg, PA.

The authors wish to express their appreciation to Messrs. Robert F.
Falls and Lawrence P. Murphy who contributed greatly to Section 4 of this
report.

ii




CGUNe:

¢

usce formuia:

To obtain Kelvin (K) readings, use formula:

* To obtain Celsius

B RIS
A oMo anareT e g
TR

0, 4%

U4

TRLT

I i

P

Fahrenheio degreess 5/9

(5/9) (F-32»

(579) (F-32) + 273,15

(C) temperature readings fros

centizeter

;T e RS
w1aoTe ey

tectare
gram
liter

deyrecs (Celsius,
Kelvin)

Fahrenheit () readings,




TERRAIN ANALYSIS PROCEDURAL GUIDE FOR SURFACE CONFIGURATION

TABLE OF CONTENTS

1. INTRODUCTION Page
1.1 Purpose 1-1
1.2 Background 1-1
2. SOURCE MATERIALS 2-1
2.1 Review Data Base Materials 2-1
2.2 Acquisition of Source Materials 2-1
2.3 Literature 2-1
2.4 Maps 2-2
2.5 Aerial Imagery 2-2
2.6 Suggested Reading 2-3
3. PROCEDURAL OUTLINE 3-1
3.1 Preparatory Steps 3-1
3.2 Slope 3-2
3.3 Landform 3-4
3.4 Surface Roughness 3-10
4. SLOPE ANALYSIS METHODS 4-1
4.1 General 4-1
: 4.2 Slope Determinatiorn from Topographic Maps 4-3
4.3 Slope Determination from Airphotos 4=14
S. LANDFORM ANALYSIS METHODS 5-1
5.1 Data Base Preparation and Analysis 5-1 ¢
5.2 Photo Pattern Data Elements and 5~6
Analysis
5.3 Landform Delineation and Identification 5-13
5.4 Example: Landform Study 5-14
6. SURFACE ROUGHNESS ANALYSIS METHODS 6-1
6.1 General 6~1
6.2 Surface Roughness Factor Overlay Procedure 6~1
6.3 Obstacle Analysis Technique 6~3
6.4 Topographic Map Analysis Technique 6-4
6.5 Airphoto Analysis Technique 6-14
6.6 Surface Roughness Index Calculation Examples 6~130

iv




BLR:L

APPE

LU TCAL

introduct ion
2 Introduction
L3 introduction
L4 Introduction
5  Introduction
L0 Introduction

POGRAPHY
NDIXES
A

#. Data

TOPOCRAPHTE 7

Lo
Lo
to
to
Lo

to

tlacial Veroe
Fluvial o
Polian vor
wock
Fore .

Sediment ars
leneous
Motanmor i C e -

Ferrain Tactor vverlay Cuildelines

Base Materials

T

-t
T
=1
omet
o e |
- '4{‘., T i
v e c e
o3 t
. Pl [
- q:"‘:
e med -
[
L T A
,ni11ky Codes
A.cail anéfer
.+ ' Speclal

s,




FIGURES

1.1

1.2
1.3

1.4

4.1
4.2
4.3
4.4
4.5

4.6

4.8

4.9

4.10

4.11

4.12

5.2

5.3

TLLUSTRATIONS
TITLE

Production and Use of Factor Overlays and Data
Tables

Factor Overlay Approach

Slope Factor Overlay

Landform Factor Overlay

Surface Roughness Factor Overlay

Slope Factor Overlay

Methods of Determining and Expressing Slope
Slope Conversion Scale

Different Contour Intervals of Same Area
Determination of Slope Using Map Measurements
Sample Slope Calculator

Sample Universal Slope Calculator

Several Cross Sections to be Measured for Slope

Matching the Calculator's 10% Slope Tick Marks
with the Contour Lines on Section 1

Matching the Calculator's 3% Slope Tick Marks
with the Contour Lines on Section 2

Matching the Calculator's 457% Slope Tick Marks
with the Contour Lines on Section 3

An Example of Several Areas where Slope has been
Calculated using the Slope Calculator

Illustration of a Topographic Map, Horse Cave,
Kentucky

Typical Drainage System Patterns

PAGE

1-2

1-4

1-5

4-6
4-7

4-8

5-9

Gully Characteristics: Cross Sections, Profiles, and

Associated Soils

vi

5-11




U

6.

J

6.

+. 10

11

13

Study bxample of Landform bescriptions

LandYorn Factor vverlay
surtace Koughness Factor Overlay

Flow Diagram of Topograplic Map Technicue
tor SR Derivation

trid  Used with 1:24,000 Scale Tepographic Map
Grids  Used with Various Topographic Map Scales

crid superimposed on o Portion of Horse Ciave,
Kentucky (Scale 1:24,000)

Wavelenuth and Amplitude of a Contoeur Bend

Flow Diagram of Air Photo Technique for SR
Derivation

Slope Sipr Change as a Method of Counting
Contour Bends

Hlustration of Dry Gap Width
Grid tar 1/20,000 Scale Photegraphy
Grid for 1/30,000 Scale Photographvy

Crid Placement for Countinpg Gullievs with hirs
Gap Widths of 3 Meters or less

Crid PMlacement for Counting the Number of jincar

and Poeint tbstacles

'

Format for Factor Overlays with long Axis F-&

Format for Factor Overlays with Long Axis N-S

vii

=1
-
fo-
[
[
[y
(- 1N
fr—113
h=1f
=17
f-15
o
(=23
= in
6=28
A=2
A-3




TABLE

5.1

5.2

6.1

6.2

6.4

6.5
6.6
6.7
6.8
6.9
6.10

6.11

TABLES

TITLE

Slope Calculator Construction Information
for a 1:50,000 Scale Map

Data Base Compilation

Format for Recording Photo Pattern Data
Elements

Format for Recording Topographic Map Surface
Roughness Measurements

Grid Dimensions for Various Map Scales

Topographic Map Surface Roughness Measurements -
Horse Cave, Kentucky

Photo Measurements Required to Detect a 3-Meter
Dry Gap Width at Common Photo Scales

Grid Sizes for Various Air Photo Scales
Contour Bend Summary

Gully Summary

Point Obstacle Summary

Fence Row Summary

Tonal Change Summary

Linear Obstacle Summary

viii

6-5

6-8

6-12

6-19




CUUENCANA e s PROUEDURAL CUTDT ek SURPACH CONFTOURAT ToX
l PXihobDUCTEON

The coperility v ove men and materials from one peint to another in
an uvperational area {5 an essential Ingredient of combat pewer and is

cE e Jeei s iue b i e ot a battles Mlanniags and sancuveringe are

i
dependont nat o onl on the existence and koow ledoe of adeqguatc Tines of

in a corbat zone; knowledpe of the tevrain is alse essentinl,

Vo compandor must bave gocurate intellizence oo the surface confiacuration

ob the terrain, iociuding siope, landtorm, and surface roughness,  This

Inrorration by dmportant because the tyvpe of Landtors) stoeedness o1 =g,
and roughness ot the terrain surface intluence cross—country mobiliee:

indeoed, vonsideration or thoese terrain oo

saneuver planninge.
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1.2 Background.

The tivst sten in the cencration of terrain intelligence and pre-

parction of anccial o purpese predacts e o tie o vedaction of datn comtained
in g varicty of =ource materials to a uniforrs scale ond formatr. This
S estracting data freoroavailable souvrces, thon o roducing,

recordine Tt In the desired fore, is the most laboriow and time
b

and

e

sren in the producticn cveles I this procoss s delaned until a pro-
et i divenent Is Dipesed, responsce ti i O appreciatdy

increased.,  towever, 1Y the extyraction, reduction, and recordinge are
corforesd dIn advaee and the proformatted rosutis aro paintaingd s
component of the thepatic grapbic data base (76DWY 0 the tione roguired to

respond to a production requirerent can be ercatly roduced.

The concept for preformatting data in the form of factor overlavs
resistered te standard sdlitary topographic maps Is DMlustrate® in figure
1.1, Under this concept, data are extracted from various scurce materials
and recorded ¢n factor overlays and suapporting data tables.  Separate
overlavs and tables are prepared for cach map sheet and major terrain
subject or data field, e¢.g., slope, landform, surface roughness, drainage,
and water vesources.  The overlays are produced and maintained on acetate
or mvlar that will accept ink or pencil and permit crasing. 1t is not
crtieipatred that a'l vequired infermatior will he available duriag the
initial preparation of a factor overlav. lLack of complete infervation,
however, will not preclude preparation of the overlav. The factor over-
lav concept envisions the systematic recording of data as it is acquired
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2. SOURCE MATERIALS

The terrain analyst produces the surface configuration overlavs with
the aid of available source materials: literature, maps, and aerial
imagery. The adequacy of these source materials will vary from area to
area, and it is often necessary to use source materials prepared in
countries foreign to the country being studied. Even poor quality sources
may have to be used. As better sources become available, first gencration
overlays will be revised to incorporate the additional informatien. In
some areas there may be no sources readily available; in this case, it will
be necessary to initiate a collection effort to obtain the source materials.
The analysis process begins by reviewing the data base materials.

2.1 Review Data Base Materials.

Review the data base file indexes to locate source materials dealing
with the geographic area of interest. Useful materials include current
1:24,000 and 1:50,000 scale topographic maps; regional studies on landforms,
geology, and geomorphology; reconnaissance and image interpretation reports:
and aerial photography at scales preferably ranging from 1/20,000 to 1/40,000.

Review the materials obtained above and determine whether they are
adequate for generation of the surface configuration factor overlavs. I[f
they do not provide sufficient detail, or in the case of aerial imagery,
sufficient areal coverage, initiate action to collect additional materials.
Start the analysis with materials on hand.

2.2 Acquisition of Source Materials.

In general, all items that provide the analyst with landform infor-
mation for the geographic area of interest are source materials. Locatine
these materials will often require a tenacious and comprechensive scarch
of university and city libraries, government agency files, universitvy
research data, and construction company files.

2.3 Literature.

This source of information is nearly unlimited in quantity, scope of
subject matter, and coverage of geographic regions of the world. Un-
fortunately, information available from this source is often too pencral
to be of real use to the terrain analvst. Most useful literature containe
information related to the specific peographic area under study and pro-
vides an understanding of the phvsiographic divisions and major topoyraphic

forms found in the arc¢a. For this reason, arca-specific literature should
be reviewed by the analyst as background source material.  The reports,

articles, and textbooks that supply the specific information necded Dy i
analyst are obtained from local government agencics, universitices, librar-

ies, and commercial mapping companices.

2-1
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Aerial cameras expose film in such a manner that each exposure
overlaps the preceding one by approximately 60 percent with adjiacent
flight lines overlapping 30 percent. This photo overlap procedure
affords the analysts an opportunity to visualize the terrain in three dim-
ensions when viewing the photography stereoscopically. For correct anal-
vses, the analvst should be apprised of the season of year, sun angle,
weather conditions, and filter combinations through which the film was
exposed.  The best photos to use are 9" x 9" prints at 1:20,000 or
larger scale.

LANDSAT prints are an excellent source of regional analvsis infor-
mation. Winter scenes should be ordered during the source materia!
acquisition phase of the terrain analysis. For ordering and interpre-
tation purposes, the following specifications should be adhered to: (1)
bands 5 and 7, (2) 1:250,000 scale, (3) black and white prints, (4) less
than 10 percent cloud cover, and (5) most recent acquisition date.

2.6 Suggested Reading.

Since the Army operates worldwide, detailed terrain information is
needed worldwide. To obtain this information, the analyst must have a
basic knowledge of the origin and distributions of landforms and the
factors producing them within different world regions. Tt is sugpested
that the analyst read and review the militarv manuals and texts that are
available. Some pertinent texts arce listed below:

ETL-0178 Procedural Guide for Vegetation

ETL-0207 Procedural Guide for Geology

ETL-0285 Procedural Guide for Drainage and Water Resources
ETL-0254 Procedural Guide for Scils

Further, the analyst should review and maintain as reference material
the follow"nag texts:

Terrain Analysis, 2nd Edition Atlas of Landforms, 2nd Edition
Douglas Way H. A. Curran, ct al.

McCraw Hill Book Co. John Wilev and Sens, Tnc.

New York, NY New York, NY

M 30-10, Military Geographic Intelligence (Terrain)

FM 21-26, Map Reading

™ 5-545, Geology

T 5-818-2, Soils and Ceology

T™ 5-818-4, Soils and Geology

M 1110-2-1906, Laboratoryv Soils Testing

T™ 5-330, Planning and Design of Roads, Airbases, and Heliport« in
the Theatre of Operations

FM 21-33, Terrain Analysis
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313 Conduct a preliminary evaluya-
tor of source materials and note any
information that 1s missing o inade-
Guate Submit collection requirements
10 supplement avattable source mate-
nals




32 SLOPE

321 Topoqgraptic Map Technique
3211 Obtain a topographmc map of
the area of rterest with a scale of
150000 If this scdale cannot be
obtained. the final siope overlay must
be adjusteyd to 1 50.000

32.1.2 Lay a sheet of clean mylar over
the topographic map Determme scale
and contour interval (C 11

32 1.3Selectaslope calcuiator that was
constructed for the scale and contour
interval of the map used. and that has
the required scope categories normal-
ty these are 0-3%. 3-10% 10-30%. 30-
45%. 45-60%. and > 60% If a suitable
slope caiculator 1s not available.
construct one Use the generalformula
betow to determine line spacing for
each slope category

C ! x map scale

100
Line spacing =% slope *

3.2.1.4 Startthe slope analysisin upper
left hand corner of the map and
determing map areas whose slope
{contour line spacing) matches the 3%
slope cateqory on calculator Irclude
map areas that have slopes less than
3% then bound all areis whose slope s
0-3% and dentify them Continue this
analysis for ail siope cateqgoties Work
anty all areas have been bounded and
identified
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33 LANDFCRM

331 Pumary Source Maternals

a Topographic Maps

b Aeriai and LANDSAT imagery

Collaterai Information Data Base

[}

d Section 7 Typrcal Topographic
Geologic Forms

Studv Area

332 The first step 1n the landform
analys:s «nvoives a thorough evalua-
tion of collatera! information to
develop the data base for the study
area Thrs background knowledge
forms the broad foundation from
which the detailed analysis of topo-
qraphic maps and air photos can
proceed to landform dehineation and

Colatera’ nformaro-
Lvarnatieon regl e

1o study aren

identification
Lardforn 2! rear A
dertfoaten

3233 The purpose of cotlateral infor- o \What type ¢f andforms Car ne

maton data bhase evaluation :s to capected ir st dreas’

answer such questions as these e \What type of surtace™niater gl Can

be expecled 0 ooostudy area”

o At s the oG of these surface
marpra’s? Are they fromarack T Were
Oy depesited By water aaac a o
e actity”

e VWhat tyne of ¢gra PAQEe patterns we
most hkelby be found”

® s et g landfore: distr

Son pat
e that can Do ascertaned ot

study area”
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336 Study the photo index Order air
photos needed for coverage of the
study areas Lay out a mosaic of an
photos and cover with a shee! of clear
mylar  Use the topographic map to
determine the elevation of selected
aMeas on the airr photo mosaic Place
elevations on the overlay in locations
ot irterest

337 Study pholos Sterecscopically
Draw prefimarary ;andform toundanes
on e overlay keeping notes trom data
base and eivvanon information close at
hand tor reference  Lapel each
pounced area A B C el

338 Using photo analysis sapple-
mented by descrniptive information from
1250000 LANDSAT pnnts. fil in A
photo pattern Jata eiement talc for
each anticipated landform in the study
area
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34 SURFACE ROUGHNESS

There are two approaches the analyst cantake inarriving at the surface roughness ingex {SRil needea for

each landtorm The first approach s a faster method but itis inherently less quantitalive and reaes e

upon the expenience of the anaiyst The second approach is more systematic more gudrt.tat.-

less experience, but 1Is more time consuming As the arialyst gams famuanty with ths o Se 10

approach will probably be the most usual approach with the Quantitalive Metnod GSFRG I §Pec 4% alon .

First Approact

54 1 Place a sheet of clear mylar over

the completed tandform overlay

342 Conduct a surface roughness
analysis for each tlandform on the
overiay Consult section seven (71 ¢f
this guide and attempt tc focdte a
match for each landtorm outhined on
the overfay (f & iandform on the
overlay 1s not contained 10 section 7
use & fandform that most closely
approximates the surfdce roughness
of the tangform ol interest H ihe
landform s insection 7 ~onsider using
the lardiorm's  surtace  reuqhness
index gven as one of the  satface
roughness ata etements 1 justif e
tne SRE value frorn section 7 ooan o
ijustey 2 1 depending or serties
canditons 4t the SRU LGl o 0ft
more than : 1 1t may be that the
landform has been wrongly identified
then approach #2 shioutd be used
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344 Use the surface roughness
equation below to calculate an SRifor
each tandform Record these values on
a separate surface roughness overlay

SRl EDJAC:01(B)

A Numberof contour lines per 12
km

B- Number of fence rows per 12
km

C-Number of contour bends per 12
km

O Contour bend wavelength (cm)

E Contour bend amplitude (cm)

Clean up overlay and add margmn
intormation as necessary

Atrphoto Aralysis

345 Prepare an arrphoto mosaic ot
the study area (scale 140000 or
larget) Place the landisrm overtay on
the mosac to locate landtorm bound-
aries  Select a representative stereo-
pair from the photos of each landform
on which 1o perform measurements

346 Construct a gnid on clear mylar
with cells that correspund to 2
standard hinear ground distance of 12
km for the scale of photoqgraphy being
tised

Sei= oy Az +0.0(B)

surface roughness
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4. SLOPE ANALYSIs METHODS

This section describes the detailed procedures the analvst use. to
produce a slope factor overlay (figure 4.1). The analvst should read and
understand the section entitled "Slope' in FM 21-33, Tervain Analvsis, ind
chapter 6, "Flevation and Relief," in FM 21-26, Map Reading,before pro-
ceeding with the materials in this section of the wuide. The slope cver-
lay is produced on a mvlar overlay registered to a standard militarwy
1:50,000 scale map. Other locallv standard maps of differing scale tor
military operations may be used but will require adjustment to the 1:50,
000 scale. larger scale maps with greater detail mav be preferred for
landform and surface roughness analysis but the resultant overlav must
be reduced to the 1:50,000 scale. The methods for using acrial imagervy
for slope determination are noted butrot detailed in this procedural
guide.

4.1 General.

Slope is the inclined surface of a hill, mountain, or anv other
part of the earth's surface. Slope is usually expressed in one of three
different ways as (1) a ratio, (2) angle of slope in degrees, or (3)
percent slope. VFigure 4.2 illustrates how the three tvpes of slope
expression are calculated. The slope as a ratio (gradient) is derived
from the relationship between the horizontal and vertical distance
expressed as a fraction with a numerator of one. Slope in degrees is the
angular difference the inclined surface makes with the horizontal plane.
The tangent of the slope angle is determined by dividing the vertical
distance, or vertical difference, (VD) by the horizontal distance (HD)
between the highest and lowest elevations of the inclined surface under
consideration. The result of this calculation is the tangent of the
slope angle. The actual angle is then found through the use of trigono-
metric tables. The third way of expressing the slope is as a percentage.
The identification of slope on a terrain factor overlav is expressed as a
percentage, which is calculated as the number of meters of elevation (VD)
per 100 meters of horizontal distance. 1In the event that slope informa-
tion is available to the analyst in degrees or as a ratio for the area of
interest, either value may be converted to percent slope through use of a
slope conversion scale (figure 4.3).

One of the most important synthesized special topographic products
for the commander in the field is the cross-countrv movement (CCM) product.
In evaluating terrain for trafficability, a slope of 45 percent is com-
monly used as the reasonable upper limit for tanks and about 30 percent
for military trucks. Six major slope categories are delinecated (0-37,
3-10%, 10-30%, 30-457%, 45-60%, and -607%) to provide the necessary slope
data input for the CCM product. These categories represent critical
values for the movement of foot troops and vehicles.* The primary slope

*See FTI,-0220, §;h?ﬁesis Guide for Cross-Country Movement, Feb 1980,
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‘The ranges for slope categories A, B, and C depicted on this overlay are not the ones recommended for
CCM and are shown here for illustration purposes only {see ETL-0220)

Figure 4.1. Slope Factor Overlay.
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8 700M

{Elevationi
150M
Vertical
Distance (VDY
500M A Angle
{Elevation)
3000M
Horizontal Distance (HD)
(1) Slope as a Ratio - - 150 : !
P HD 3000 20
VD
(2} Siope as an Angle in Degrees (Tangent of Slope 4} - :5
150
= = .0500
3.000

The 4. Whose Tangent is .0500 = 2°52

vD 150 x 100
Sl P T — 1 = — = 5%
(3} Slope in Percent "D x 100 3.000 o

Note: For Clarity. the Above Triangle's Proportions and Dimensions Are Exaggerated

Figure 4.2. Methods of Expressing and Determining Slope.

factor overlay should be compiled to satisfy the slope percentage cate-
gories for the CCM. However, the analyst may be instructed through
special requests to compile slope overlays of differing percentage
categories from those needed for the CCM product.

4.2 Slope Determination from Topographic Maps.

The primary means of determining percent of slope is accomplished
through the use of a 1:50,000 or larger scale topographic map of the areca.
If they are available, the analyst should review the compilation and
drafting specifications for hypsographic (relief) features for maps that
he might analyze before proceeding with this part of the analvsis guide.
The analyst should be familiar with standard methods and svmbols for the
portrayal of relief information, e.g., contour lines, depressions, scarps,
crevices, cuts and fills, etc. Also, the analyst should be aware of the
fact that maps of differing scale will show contours of the same area at
different intervals (figure 4.4). Maps of the same scale and series will
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CONTOUR INTERVAL = 10M

(Horizontal scale must be known)

CONTOUR INTERVAL = 40M

(Horizontal scale must be known)

Figure 4.4. Different Contour Intervals of Same Area.




ot necessaribe e Ui e v e R O R S T
clovatios ditrer nces on e tortions o the s o,
Too o tain 1o o \ . Piroyen? M ' ¢ ; .
oo e ul™e il IR AT SR RN e . ! s P PO
ceD TN cde o irl thiree Die s Ty R S P
can s lopes dnothree areas on toe Tan e o L oo Sl
! certieal distance taken froen Lie enlowuy e vl Gl ‘it 1
devation)y and B oG spot elevation of 190 ey ds 9% ctors. L
sordcontal distoance of Tine A0 ot the moy o=cale o 20000 ot 0 -
1 fove:
vh - 93 ) :
Slene | O oeoen it hyo= AN o= DR IR S
Slope in percent (line ADLJ i it 2 6on [y 3.08
Usine the same measurcrent and corpatational procodaro, the siove Do
Pive OB L‘Qll(llS 3.32 Poereent g Tor line gbothe s lor R S T I T e
standard map-reading srocedures are used tor o onhtain o Che e rtieal o
L . o I i f |
om 1000m 2000m 3000m 4000m 5000m
MAP SCALE
Figure 4 5. Determination of Slope Using Map Measurements
G-




horizontal distances from the source map. Careful attention must be paid
to the map scale, contour interval, relief feature svmbolization, and the
scaling of distances frum the source map. Repetitive measurements and
mathematical computations are too time-consuming for efficient production
of the factor overlay. A more efficient procedure follows.

For practicallv all slope factor overlay compilations from source
maps of known scale and contour interval, the terrain analyst uses a
device called a slope calculator.

4.2.1 Slope Calculator. Figure 4.6 shows a simple slope calculator con-
structed of stiff clear plastic. For purposes of claritv, an explanation
of this calculator is provided using a map of 1:20,000 scale and a contour
interval of 5 meters. The tick mark spacing on the edge of this calculator

ETL SLOPE CALCULATOR

SCALE 1.20.000
CONTOQUR INTERVAL - 5§ METERS

3% 10% 45%
I LELEL [l

Figure 4.6. Sample Slope Calculator.

(figure 4.6) has been predetermined and plotted to show contour spacing
for three of the CCM slope percentage categories. In actual practice,
all six CCM slope percentage categories (see section 4.1) would be deter-
mined in terms of contour spacing for the example 1:20,000 scale map.
However, at the given scale and contour interval, the spacing of contours
for 60 percent or greater slopes would be too closely spaced for measure-

ment.

Other slope calculators can be made for different map scales and
contour intervals by using the percent slope formula in reverse and by
correcting for the map scale. Figure 4.7 illustrates a universal slope
calculator that shows contour spacing for commonly extracted percentaves
of slope for a number of maps of varving scale and contour interval.  The

4=7
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Figure 4.7. Sample Universal Slope Calculator.

general equation for determining contour spacing at various slope per-
centages on maps of differing scale is as follows:

Contour line spacing = %09 x contour interval (CT) x map scale
& 7 slope

representative fraction (RF).

Examples of the determination of contour line spacing for specific
slope percentages follow:

Example 1 - Find the contour line or slope calculator line spacing

that represents a slope of 30 percent on a [:24,000 scale map that has a
contour interval of 10 feet.

4-8




100 I
7 slope 30 24,000

100

x CI x RF = x 10 ft x = 0.00139 ft = 0.017 in.

Example 2 - Find the contour line or slope calculator line spacing
that represents a slope of 3 percent on a 1:20,000 scale map that has a
contour interval of 5 meters.

100 , . _ 100 1 swo i N
7 slope Cl x RF == x 5m x 30,000 - 60,000 " .00833m = 8.33 mm

Note that the result from example 2 applies in the construction of the
slope calculator shown in figure 4.6. On this sample slope calculator,
the distance between the edge ticks that represent the 5S-meter contour
spacing for 3 percent slope areas is actually 8.33 mm. The analyst mav
wish to compute a table of contour line or tick spacings for commonlv
used source maps of varying contour intervals. Alsc, this table sheould
account for variations in tlie slope percentage extraction requirements.
Table 4.1 shows the results of this type of computation for maps of
1:50,000 scale that show varying contour intervals in both feet and meters.
Data from this table could be used to construct a variety of slope cal-
culators for the 1:50,000 scale map.

From the foregoing slope calculator computations, it becomes rather
obvious that, for some map scales with given contour intervals, the
contour spacings on the calculators can become very closelv spaced at
the higher slope percentages. When this occurs, drafting of the cal-
culator under magnification is required. Another solution is to draft
the calculator at a larger scale and then to photographically reduce the
calculator to the required map scale. Also, the calculators can be made
easier to use by deleting alternate lines or by doubling the contour
interval of the calculator.

After the analyst has constructed a slope calculator as shown in
figure 4.6, or after he has selected an appropriate existing calculator
from his files, the extraction of slope percentages from the base map
becomes a simple but tedious manual task. As you recall, the calculator
in figure 4.6 can be used only with a map of 1:20,000 scale with a contour
interval of 5 meters. Figure 4.8 shows three cross sections labeled 1, 2,
and 3 drawn across a portion of a topographic map of Puerto Rico. The
source map is 1:20,000 scale, and the contour interval is 5 meters.

Moving the slope calculator along section 1, a good match is made between
the maps contours and the etched 10 percent slope lines on the

calculator (figure 4.9). Turning to figure 4.10, the calculator is laid
along section 2. The map contour lines here match the group of ctched
calculator lines labeled 3 percent. The last match is made along section?

4-9
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1:20,000
CONTQUR INTERVAL = § METERS

Figure 4.8. Several Cross Sections to Be Measured for Slope.
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120 000
CONTOUR INTERVAL 5 METFH

Figure4.9. Matching the Calculator's 10% Slope Tick Marks With the
Contour Lines on Section 1.
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Figure4.10. Matching the Calculator's 3% Slope Tick Marks With the
Contour Lines on Section 2.

and the slepe is found to be about 45 percent (Fipure 4.11%. A sinpiificd,
partially completed version of the final slope overlav appears in fivure
4,120 the analvst may clect to code the factor overlay with numbers or
alphabetic characters, ec.g., 1 = 0-37, 2 = 3-107, ctec.

4.2.2 slope Factor vverlay Preparation.

a. Prepare tie mvlar overlay in the format described in Appendin A,

b. Starting in the upper le¢ft hand corner of the map sheet, use the
slope valeulator to determine the slope classes and delineate the boundaries
where rhanges occur, as in figure 4,12,

¢. Write the slope class percentage or code in ecach area and
progress across and down the map sheet until all areas are completed.

d. Ignore any areas with greatest dimension less than 2 mm, unless
the slope is greater than 60 percent or the map symbol for cscarpments is
shown. In those cases mark the arecas with the svmbol for escarpments.,

¢. Check the draft overlay for completeness and ink the tinal
line work and symbols.




120 000
CONTOUR INTERVAL 5§ METERS

Figure 4.11. Matching the Calculator's 45% Slope Tick Marks With the
Contour Lines on Section 3.

120 000
CONTOUR INTERVAL 5 METER!

Figure4.12. An Example of Several Areas Where Slope Has Been Calculated
Using the Slope Calcuiator.
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4.3 Slope Determination from Airphotos.

Slope determination using aerial imagery requires complete stereo
coverage of the area of interest. It is more time consuming and requires
more skill than using the topographic map. Slope determination using
1/50,000 scale airphotos provides little or no gain in accuracy over
that attainable using a 1:50,000 topographic map. However, the photo
method of determining slope may be useful in cuase no maps are available
and the stereo coverage is. The analysis consists of examining the study
area landforms one at a time. Typical locations within a landform are
given a slope class based on measurements averaged over a portion of the
landform; three or four of these will provide a reasonable averaye. The
following procedure is suggested:

With the parallax wedge or height finder, 2 parallas value i det-
ermined between two puints to determine the vertical distance.  The ner-
izontal distance between the same two points is then measured.  To o calculate
the slope use the relationship

Vertical distance

Horizontal distance (100).

Slope () =

Each landform is measured and a slope class determined as statod above,




5. LANDFORM ANALYSITS METHODS

This section provides instructions for conducting a landform analysis
and for compiling a landform factor overlay through the use of literature,
topographic maps, and aerial/LANDSAT imagerv. Use of literature, maps,
and imagerv is verv important, as each sourcc provides a unique contribu-
tion to the overall landform analvsis. 1t is strongly suggested that the
terrain analvst use all three sources in an integrated approach ta the
process of landform identification and delineation. Though it is sug-~
sested that an overlav be constructed for each tvpe of source material,
in actual practice it may be unnecessary for three overlavs to be prod-
uced., At a minimum, the airphoto landform overlav must be produced, and
during this process the topographic map and LANDSAT imagerv can provide
wdditional information to aid in the delincation and identification of
che landforms. For the overlay, the terrain analvst integrates all three
sources of information into one factor overlav combininy all his observa-
tions.

The analvsis methods presented in this sccoticen are illustrated by an
example Tandtorm study of the Fort Belvoir, Virginia area (section
.54, Similar steps and source materials would be used in a landform
analvsis for anv area in the world. To supplement the basic landform
analvsis procedures outlined in this section, the analvst should censult
the list of reterences and publicatiens found in the Pibliographv,

5.1 Data Base Preparation and Analvsis.

Backsround information that aids in characterizing the landforms and
sarface condicions should be maintained in a data basce for a siven region.,
The data base is developed from the gencral to the specific as the terrain
snalvst consults maps, literature, and other sources for information.

This information aids in the preliminary identification ot the lTandrorms
afa cdiven study area. Often this step is known as the regional analvsis
phase.

oo nrovide o data bhase, descriptive data are extracted from soveral
sources, fhe topics/sources include yeography, climate, phvsical teatures
anl landfoerms, bedrock and surface geology, veneral soHils, hvdroloes ond
rainase s vesetation and land use, TANDSAT imaverv, ana airploto indexes.
stereo photos and tonographic maps are studicd in the detailed analosis
chake after tormation of the data base.  The topic/sourcs Jdeseription
and caterial supplicrs are shown in table 50100 Pasential sourees tor
the déata base are Piterature and small-scate thesatico and topocrantiice mane,

hobll diterature Analusis. This portion of the bandrors anatvsis o -
cecar is oaccomplished price to the analvsis of maps and drayer ot
ol vens reviewing the data files and selecting and coalenst foe o

coad lable coures materials. ihis process enables the ol b too gt

Cotercation waps oand develop collection requircmonts © o b bemont
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available materials,  Following acquisiticn o the stady saterial-, oo b
source Is carctullv studicd relative o the viven tervain ari in ton
order shown in table 5.1, This backpround infornation cstablbishies tin
data base.  Copies ot all tvpes of source materials are provided in

appendix B tfor the bandform studv oxample,

5.1.2

of information that is intesrated with the data basc. he tapes o

2. the topowraphic map is o basic source

intormation vencrally extracted from a teopographic =ap are detfined as

follows:

a. Countv/State/Country - dhis information is casilvy found on a
topographic map; an example is used to assist with the definitions
(figure 5.1). State or countrv is normally listed on the title block in
the top or bottom rivhthand corner.  In the nited States, county npanes
are recorded along county boundary lines. Note the boundary line on
figure 5.1 between Hart County and Barren Countyv, Fentucky near the mop
center,  For arcas other than the United States, the analvst notos i
name of the country, territorv, or political division,

b. USGS Quadrangle or U.s. Army Topographic Scries = The topo-
graphic map identity is located in the tep righthand corner of the
example (see figure 5.1), Horse Cave Quadrangle, Kentuckv, 7
Series.

Y Minate

c. land Use - Knowledge of the land use features of the Tandtorr o
useful. Typical land uses are shown on the topographic map: for instance,
forested areas, sand and gravel quarrics,orchards, and swambs ore repro-
sented by symbols., The rather uniform, spread-out contour spacine oin
provide some insight as to the possibility of awriculture: for example,
cultivation given sufficient rainfall is hiphly likelv on flat Tand
(represented by open-spaced contour lines). As in the casce of o lire-
stone plain, which is relativelv flat, there is often a prodeminance of
agriculture along with other features such as woodlots and quarrics. 0f
course, if there is residential or urban development, it will be casily
recognized from the map svmbols. For an illustration of the land uses
for a limestone plain, see figure 5.1.

d. Special Features - The recognition of a certain featurce pecu-
liar to a given landlorm can uniquely separate it from all ocher land-
forms; for example, an arc-shaped feature indicates an alluvial fan
landform, a snake-like ridge is characteristic of an cxkery and the
circular depressions or sinkholes of karst topograpbv are common onlv to
limestone formations.

e, Form - Form simply refers to the arrangement as a peometric
form; how the landform presents itself on a topographic map.  The form
may be identified as curvilinear, rectangular, circular, lincar, oval,
etc. If the landform has no definite geometric form, it is labeled




Horse Cave Quadrangie
Kentucky
75 Minute Series (Topographic)

=, v (‘ v" @; v '-l"\. ‘6)0‘
R N
el

Figure 5.1. lllustration of a Topographic Map. Horse Cave. KY.
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frvrecuiar or Indotorsinato, he torroof this live —otone nlacn oo st

detfinite, beravse of it hiichilv-varicd topoerapihe (0o, o

Depesstacka, Herctorey it P denoresd s drreraiar oo indetore oot

i, Cestrre = Iy this Jdiscussion, toesture concerne the wnege b
and arran cement ol centour Pines:; o thoese indicate the ronctness or

Sincethnes of the tandYorm curtfave. Peture s odest gt ed e T,

nedium, or Jden=e. 8 Timestone plain s relaticel s Ciar and sroovon,
condition depicted by the revular and uniformiv-spaced conteur !ines,
the texture for a Tisestone vlain is desiyoated s sediom,

. Slope and Flevation = fhe tepographic man provices mvors arion

on the slope and elevation of landforms. Tt alsgo serves as 2 bhacw-up

source of informatica to o contfirem or enhance observations made Jdurine tie
dirphoto analvsis, cespecially the corvrelation of 4 civen Tandforr with
the appropriate elevation dato.

5.1.3 Alrphoto, Photo Index, and LANDSAT Tmages.  Bouncary cines are
marked on the factor overlav wvhere tonal and tepogsraphic changes occur.
Chese changes often vccur at slope breaks, where the one Tandform surfoce
interfaces with another.  Jhese tene/tonal breaks enable the onalvst to
isualize boundary lines for sceparating the landformss
stercoscopically the relicf=chanyse locations, the analvet will anste
contrasting light to dark tones that represent chanves in veootative

While obsorving

cover.  ftois useful to observe tihe mosalc and tonograpitic maps g lter—
nately for these tonal/topo markings,

Tonal conditions should be noted on the photo indes while marking
boundaries to separate landfores.  Piat, generally lovel, or low relie”
terrain is characterized bv dark tones. The irregular surfaces of both
wooded and urban terrain assist In the search for landform boundaries.
The irregular-relicf indicates an elevated Tandscape. Dark-light tones,
and slope-break tone contrasts are indicative of relief differences in
the predominant features.

Other aids to the landform delinecation are [ANDSAT imaves.  Both
band-five (red reflectance) and band-sceven (near infrared relifcectance)
images are valuable. The analvst should studv the black-and-white tonal
changes on band-seven images to aid in the delineation of landtornm
boundaries. Tonal differences can be used to partition the terrain tvpes:
and changes in the black-and-white tone-texture distineuish the drainage
svstem and variations in vegetative cover. On the band-scven scoenes, the
analyst can look for dark, irreeular tones that indicate urbaw, built-up
arcas (e.g., streets and buildings). Lowland and wetland areas are ob-
served as dark-toned to black. Low grassland cover is distinguished
from intermittent water surfaces by light tones versus the black tones
of water. lLakes and water in open drainage wavs are easily separated
from Jow, flat arcas by the dark-toned areas; water is dark to black,
whereas the vegctated low arcas are bright to verv light-toned.
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v band-tive scenes, power line corridors ol bailli-up areas are

indicated bv light-grav tones: these will vary from brisht to dull
arav.  Forest cover appears dovio mras, while water curfaces var. frorn
Light dull-grav to nearls P lack. Marshlands are dark or dull-zsrav tonod
because of the grass-cover, but the dark to dull-zrow tone- indicite
watel surfaces, antermediate to tevel surfaces are Tivht= o Jdare-toncy

—

witi, bulit-up areas having licht tones: the forest=covercd arcas are dark.
Flat grasslands exhibit toves thoet are cencralis duli- to tioit-ora,

LANDSAT faise color imaees are also usciul. dhoe ool v o roed,
Light green, to tan or beige, and blue to Tivhe Plue rovest carictions
in land cover. Vegetative surfaces are recorded in red bues, indicatins
live green vegetation. The light wreen-grov to tan or boice colers
indicate built-up arcas. The blue to livht blue (Lo rellcetance) arcs:
identify wet or water-covered terrain,

5.2 Photo Pattern Data Elements _and Analysis.

Analvsis of information in the data base ro=ults 0 charsctericar i
of the origin and development of landforms the analvet cmpes te e en v

ERIS

Juriny the airphoto interpretation. This backr !
basis for developing photo pattern data element Jdescriptiors ter oo

landtorer..  These elements inviude form or tepesrapbic positi oy d R
svster, vullv characteristics. special teatures, coier (Pl =oras Lo =
Tand use, and oo cetiation.  The analvst records ohsorvations hout ool
the clements Qv oo format similar to table 5.2,

The proecedere tor photo fdentitication of bandroam - o boovonan

broken dowr into three alternative methods:
i, Photo pattern data element descriptor ratehins
2. Hypothesis and desceriptor matehine analveis
3. Recognition ot landform identity hased on caperience

In the first method the analvst observes the Tandrorms on the air-
photos and prepares a sct of photo pattern data clement deseriptions tor
the unknown landforms as outlined above.  The aalvst then compares the
set of descriptors with those piven Tor tvpical topographic weolopic tern
in section 7. The analvst is not limited to onlv these lTandrerms con-
tained in section 73 rather, additional reference intormation should albse
he used in the landform identitication process.  Onece the deseriptors of
the unknown landform are matched with similar desceriptors of o tandtorns
of known identityv, the landform is identiticd. A variation ot this
method requires the analvst to hvpothesize the fdentitv ot the unknown
Tandform based on the {andform’s scet of deseriptors. This initial hvpe-
thesis is then accepted or rejected based on the Tevel ot aureement

between the reference set of descriptors and analvst's chaerved sot,
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Table 5.2 Form for Recording Photo Pattern Data Elements

PEOTOFATTERN CATAFLEVES

fLEMENTS

Prote i, 7

Lagr 1 e

In the second method the analvst, generally a more experienced ong,

applies hvpothesis testing in a different manner.
analvst first hyvpothesizes the identity of

wlacial outwash plain,

With this hypothesis

e.p., 1t It
this question,
answer.  Also,

internal -

is a glacial
undulating plain - does

in mind,

based on background
the analvst

it have this

Form?

the

its form should

The

Using

he n
analvst

this methoed,
Fandrorm: Yor

nental v

t b

examploy

information and expericroe.
(photointerpreter)
himself questions based on the common set of seven landform descriptorsg
outwash plain,

then asks

)

tlat to

ANSWers

referring to the airphotos as necessary to contirm his

if

it

of

t he unknown

landform?

The

analvst

is a glacial outwash plain its drainane svster i«
is this true

continues

this "if - then" questioning, referring to the airphotos as necessary,
until all seven photo pattern data element descriptors have been examined

and evaluated.

1f

five

or more of the

reference

set of

deseriptors

match the unknown landtform's phvsical expression, then the lTandform’s

5-7




identity matches the hypothesis. On the other hand, it a4 majority of the
descriptor questions generate negative responses, then the hvpothesis is
rejected and another landform identity hypothesis is tested. This proc-
cdure is continued until the correct tvpothesis is made.

The third method, the experienced analyst's approach, requires
recopnition of the landform's identity because the analvst has observed
the same or a similar landform pattern on the ground or on airphotoes
previously.

The photo pattern data elements used in the landform identification
process are described in the following paragraphs.

5.2.1 Form, Topographic Position. Topographic position is the expression
of physical relief of the land surface as developed by crasional or
depositional processes under given climatic and gecologic conditions.  The
topographic position of landforms is described in terms of shape, relicef,
and slope.  Taken together, descriptions of these features can provide
valuable clues as to the identity of an unknown landform. Tor example,
cacli landform of glacial origin, suchi as moraine, drumlin, kame, esker,
and lakebed has a characteristic shape, relief, and slope. Fach

glicial landformis therefore identifiable as a singular Teature by sterco-
scopic observation, and often is uniquely charvacterized by the combined
descriptions of shape, relief, and slope.  The description of form
includes a peneral statement about the topography such as "plain, level,
cently sloping to sca"; this information is recorded on a ferm, such as
table 5.2,

5.2.2 Drainage Svstem. There are numercus drainage patterns, and the
plan views of some are presented in figure 5.2, Six patterns are basic,
and they include dendritic, trellis, radial (centrifugsal), parallel,
annular, and rectangular. These basic tvpes are described bolow,

Dentritic patterns are generallvy associated with Tandforms composed
of flat-lying rocks and impervious soils. Folded, tilted, and faulted
rocks often create landforms that are identified from a trellis drainage
pattern.  Cones, peaks, and domes of ipneous matevials create centrifugal
(radial) drainage patterns. Gently sloping landforms such as ecolian
plains are assocviated with a parallel pattern.  Annular patterns are
associated with domes of tayered rock with variable resistance to
weathering.  Landforms with rock joints or anpular changes in rock

The regional characteristics of terrain surfaces are often indi-
cated by the drainage pattern.  The drainage pattern mav provide a clue
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concerning dip, strike, or tyvpe of boedrock and the yenceral depth of thi
surface materials., The type of surface material is reflcected in the
landform drainage system. lFor example, the complete abscence of surface
drainage indicates pervious materials such as sand. A highlv integrated
system with branching tributarics indicates an impervious soil with

poor internal drainage, such as clay or silt.

To perform a drainage analysis, the drainage wavs or the runoff of
watersheds are viewed stereoscopically and delincated on a map or overlav.,
The collective drainage wavs form a pattern, which is associated with o
given topographic/geologic formation. An c=ample of a staterent de-
scribing the drainage pattern is, "dendritic with meandering streams,
Record the drainage characteristics in a photo pattern data elerment table
for each landform.

1

5.2.3 Gully Characteristics. CGullv charactoristicos and/or crosional
features observed in the studv arca can be used o infor surface materiag -
and so0il profiles. This inferred inftormation can bo used to foentive o
unknown landtorm. Natural features such as Forests, however, can ob-
scure gullv characteristics, such as cross scotion and protfile, and
thereby reduce the usefulness of this landform indicator.  Also, olimatic
conditions can complicate the interpretation of the crosional foeatures:
thercefore, the analyst will rarcly use the crosional features alone to
predict the identity of the landforms. tor this reason, the collective
photo pattern data elements are necded for identifviug landforms.

There are four gencral cross-scetion classes for gullices. lbach
class is associated witit a certain surface material and profile (figurce
5.3). V-shaped gullics with short, steep pradients are associated with
granular materials such as found in ylacial outwash terrace o Loessial
gullics., Coastal Plain landforms have sand/clav erosional features with
flat-bottomed gullices sharp, steep side-slopess; and 1ow, flat pradients.
Cohesive soils have softly rounded, saucer-shaped gullics with Tone
gradients that often indicate shale uplands.  There is no spoeitic cullv
classification for landforms consisting of Tavered soils with stroay
profiles. The analyst should be aware that the gully cross scotion and
profile characteristics can be misteading. An example is a yully within
or near the boundarv of a terrace or a valley wall, where cross section
and profile exceptions do occur.

The wully characteristics are desceribed in veneral terms such as
"broad U-shaped or V-shaped with steep gradients.”  As the yully char-
acteristics are observed stercoscopically, the information is recorded
on a photo pattern data element table for cach unknown landform.

5.2.4 special Features. There are certain features that arc aniquely
associated with specific landform/surface conditions, and thoese can aid




MATERIALS CROSS SECTIUNS PRUFILES

Land surtace

—
Cohesve \ / - -
Clays and sifty -

—
-

clays (Usually . -
tound in lake Gully profie
heds marine
terraces and
tlay shale

areas |
Low onitorm

gradient

Weathered sonl
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in the landform identification process. For example, vertical-sloped
features, such as catsteps, pinnacles, and terracettes, are associated
with loessial plains. A pinnate drainage system with U-shaped gullies

is associated with loessial upland plains. Sinkholes, haystacks, and
other karst features indicate landforms underlain by soluble limestone
bedrock. Mottled gray tones and white-fringed gullies on photos indicate
young and old till plain landforms respectively. Stream flow scars,
natural levees, and cutoff channels indicate alluvial plain landforms.

In arctic and subartic regions, landforms with polygonal patterns in-
dicate soft silts and expansive clays.

Special features should be examined stercoscopically, as thev
may be unique to the landform. For example, ''parallel ridges alter-
nating with troughs'" are characteristic of beach ridge landforms. Record
this special feature information in a photo pattern data element table
for each unkncwn landform.

5.2.5 Color (Photo Gray Tones). The gray tones depicted on panchromatic
air photos are the result of surface spectral reflectance variations.
These variations result from terrain factors including soil color and
texture, vegetative cover, soil moisture, and slope/aspect. LFvery land-
form has an observable distribution of grav tones, which is a manifesta-
tion of the surface conditions on the landform. A given distribution of
gray tones may or may not be a definitive identifier of a landform. The
gray tones may be an indicator in certain situations. LFor example, two
landforms which can be indicated by photo grav tones are the mottled
gray tone of a voung glacial ground moraine and the dull nnifores crav
tone in large ficld patterns representing glacial lakebeds. Studv the
photo gray tones; then describe the appearance and distribution of the
photu grav tones for cach suspected lTandform, A tvpical desceription is
"light tones occur on cultivated open arcas, dark tones where troc
covered.'" Record this grav tone information in a photo pattern data
e¢lement table for cach unknown landform.

5.2.6 land Use. oOften the way in which humans ‘nfluence the Tand can be
correlated with a landtform or soil tvpe. Cualtural features that arce help-
ful in identifving landform/seil tvpes include Tield tiles, diteios,
levees, flood walls, uravel pits, orchards, contour plowing, and <trip
cropping. For example, tihe field tile pattern is associated with low
reiief features and it can indicate flat terrain with cobiesive, fine-
grained soils. Orchards are usually associated with well=draincd land-

forms having vranular soil.  Also, landforms with coar-e-vraincd
soils arce indicated by the presence of eravel pits.  Well=drained uplands
of drv, siltv soil are often associated with cortain crops such o wheat.

Boedrock ot evconomic vilue, like limestone, can bhe ptentiticd by vortical-
walled quarrics,  The land=-use patterns obrervad on the photo shoeaid be
recorded T a photo pattern data element table tor cach ambnown Tondfors,




5.2.7 \Vegetation. Ground conditions, especially moisture avoel.anilitv
and soil texture, can be inferred from the types of vegetation :ound .n
the study area. These inferred ground conditions provide information that
aids in the landform identification process. At the photo scales pener-
ally available to the terrain analvst, only gross vepetation classes are
¢asily interpretable. However, one may expect certain tvpes of vepetation
to occur only given certain soil sit: conditions. For example, jack pine
and poplar trees are commonly found on well-drained soils such as sand and
gravel. Spruce, tamarack, sycamore, and willow trevs ure pencrally
associated with landforms having wet soil conditions. Meisture-tolerant
trees such as white pine and aspen mav be found on citihier dry sites with
sandy soils or wet sites with siltv-clay soils. The accuracy of infer-
ences based upon the stereoscopic observation and analvsis of vegetation
should be field checked whenever possible.

The analyst should describe the general type and distribution of
vegetation found in the study area. Descriptions should include state-
rents like "pine forest, scattered trees where cultivated.”™ Reeord
vegetation infermation in a photo pattors data element tuble tor each
unknown landform.

Finallv, the analyvst compares the photo pattern Jata element
desceriptions with a matching Tandform scelected from scection 7.0 Basced
apon this comparison, identification »f each unknown Iandtform in the

study area is usually possible.

A landiorn study example s provided in scetien 504 to demons: rate
the use ofa Jdata base for svnthesis of pattern celements and the deline-
ction and identification of landforms on a factor overlav.

ormation provides an initial Tive of Tandforms to expect in the stuldy
area.  With these choices in owind, the analvst delineates the Tandiorms

5.3 tandform Delincation and Identitication. A priori backeround
.t

on the Yactor overlavy by visualizine the boundaries of coh iondorm,
Por oexample, the analvst s tudvinge o coastal plain wenld Getiroane Tand-
forms such as tidal river thats, alluvial plains, md torraces,  Psinge a
pen (pervanent Dluid), the analvst carks boundary Dines on the overtas
teet in order - coeparate landtores, These Tines senre ont e visual-

Poed partitions betwoon andtores,

e prodaction of o landtoas factor everlay s wit the recine-

Cration o the wvbar cheet with the air phote nesaic. he nest tep
Connearetn ter clevation vanges o contour  opacing st venrer ot iy
: b Tandtors, Plevation Tabeel s in apprepriate plae AT AN
Gele e it dietinouinh tae et I ions et ol
coorcting Do and cstab b chine e aepr oo R AR
! o LT P T pre L oot dindE e oo aatd
v tandr o e S o ; C [
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spacing. Contour line spacing along the drainage wavs is also a landform
indicator, ns the contour lines are more dense parallel to the drainage
channels for the higher terraces.

Boundaries on the landform factor overlav arc¢ marked where tonal
and topographic changes are apparent. Usually, tonal and topographic
changes occur at terrain and slope breaks, where one landform surface
interfaces with another. These breaks enable the analvst to visualize
boundaries for separating landforms. Stercoscopic viewing allows the
analvst to observe relief-change locations between contrasting light to
dark tones that represent change in vegetative cover. Also, it is useful
to observe the mosaic and the topographic map alternatelyv for these
tonal and topographic markings,

Similar conditions can be observed on both topopravhic maps and
photo mosaics while marking boundaries to separate the more level foros
A low density distribution of gullies is representative of Ylat or
generally level terrain with low relief. TIrregular surfaces, scattered
wooded areas, and urban built-up terrain assist in locating boundarics.
Irregular relief due to deeper, more frequent gully svstems indicates
the more irregular upland surfaces. When viewed stercoscopicallv, the

slope break-tone contrasts are indicative of relief differences in the
predominant features.

The terrain analvst combines all of the observed delinestions into
one factor overlay representing boundaries of landforms. Discrepancies
butween the positions of boundaries can he resolved in 4 rational manner.
Sece the example given in scection 5.4 below tha* demonstrates the deline:-
tion process. . field check procedure is organized as an ootion fo
cation of landform boundaries, vegetation tvpes, engincering soil
characteristics, ete.  If the field check 1s not possible, then ceritin -
tien by additional pheto interpretation is important.

roveriti-

w

LA Uxample:  Tandform Studwy

5.4.1 Geography. 7The studv areca locatior,in this case the terrvai

in the vicinitv of Fort Belveir, Virginia is in the inited States and
theretore easily tound on a state rvoad rop, o veographic at o~ or o
USGS topographic map at a scale such as 1/250,0000 i the it

States, study arcas can be Tocoted on peographic atlascesc oy topoerapld
Faps. Peatures that should be noted are provinee and or tate boundarvic o
country boundaries, urban arcas, majer roads, and vailroad Vines, G-
vraphv, which refers to the nataral and enltoarallv=-indoced cariaticn. in

Tand Teve s, can be extracted from 0 UGS Duadrang e, a0 D700 oo LN
aporraphic map, or a foreivn topoeranhic map f simiiar cate oy f

I i . t i t opo; hi oo i ! t!
particular area in which the Tand!arm srody o is to beoconducteds For Ui

Fort Belvoir —tudy area, this tope o intersotion = cxtracted oad

described in this scction in the order shown in table 0y Aiv caampn e

A the extractod intormation on veocsraphy tol lows,
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Fxample - The study area is located in Fairfax Countyv, near Vort
Belvoir, Virginia some 10to 15 miles south of Washinoten,
D.C. The population of the county, nearing 400,000, is
primarily urban. The area is well served by transportation
facilities including railroads, e.g., Ric'nond, Fredericks-
burg, and Potomac; major highwavs, ec.g.. i-95 and U'.S. 1;
and alrports, e.g., National and Dulles Internaticnal.,
Elevations of the terrain vary from lowland to high terrace
locations, i.e., < 10 feet to 350 feet. 1n this terrain,
agricultural areas are very limited and are decreasing s
population density increases.  Appendix B provides the
1/250,000 scale topoyraphic map, one source for the above
type of geographic information.

5.4.2 Climate. One of the best sources of  information for cstablishing

the climate of a given terrain is in the County Soil Survev published

by the U.S. Department of Agriculture. Climate is wiven in the form of
qean annual rainfall, mean annual snowfall, driest season, and vercent
chance of frost and period of occurrence. Further information mav be
obtained from hvdrological and metcorological books and published papers.
U.S. Weather and Defense Meteorological agencies offer additional sources
of data. Typical climate information extracted for the study area is
shown by the following:

Example - Fairfax Countv has a continental, humid, temperate climate.
Temperatures vary seasonallv, with an average difterence of
36 degrees Fahrenheit hetween mean winter and mean summer
temperatures; the average for the coldest month (January
or Februarv) is 37°F. Rainfall for the vear is about 41
inchess in 1953,Mayv had 7.4 inches and November, about |
inch. Snowfall averages as much as 13 inches for a given
vear and is heaviest in Januarv. The trost-free season is
about 175 to 200 dave: even so, the pround mav be frozen
to a depth of only a few inches.  The coils of the county
are quite suitable for crops adapted to these climatic

conditions.

5.4.3 Physical Features and Landforms. The physicul features of the
earth are divided into the following phyvsiecgraphic units: division.
province, and section. Also, topographic condition mav be classitied in
terms of landforms. The extracted information of this nature for the
Fort Belvoir study area, as presented on the Phvsiogravhic Diapram of
the United States, is briefly descritod in the fellowing cxample.

Additional information is in appendix B.
Fxample - The study area, a portion of Fairviaxn Countw, Virednia,
contains tidal river flats, atluvial piain., and terraces.
These landforms are located within the Pob el soction of
rhee Coastal Plaing simple, nearly flat trnctures
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consisting of unconsolidated layers occur as recentlv
elevated levels above the ocean floor. The flat topo-
graphy of the plain imperceptibly grades casterly Yrom the
Piedmont scction of the older Appalachian Province. ihis
smooth, lowland plain, with good soil and climate, has
ridges and hills parallel with the coast, often alternating
between hard and soft rocks. ‘The lowland formations of
this portion of the Coastal Plain are weak and pencerally
unconsolidated. Some areas, after rising and croding,

were submerged again, forming estuaries drowned by the sea:
bavs, some elliptical, werce formed in low, {lat coastal
areas. The terrain, in general, varies from tidal river
flats (basin) to high terraces.

5.4.4 Bedrock and Surface Ceologv. Two tvpes of maps, structural and
surficial, eoffer details on the bedrock and surface geologv.  The
structural map svmbols represent the underlving tvpes of bedrock, and

the surficial maps depict the surface features and spatial locations of
the landforms, as well as providing brief but noteworthy information
concerning the landform's origins.  The peological data given in the
following example were extracted from these tvpes of maps.

Uxarple = The bedrock underlving the sediments of the Embaved Scction
of the Coastal Plain consists of granite/gneiss, gneiss,
and schist; near the fall line granite grades casterly
towards tae coast into gneiss. Fluvial sediments from the
Coastal Plain deposits have buried the bedrock, and gen-
crally no outcropping occurs in the tidal {lats, alluvial
plains, or terraces. The bedrock svstems are at suttficient
depth to have no effect on landformsor photo patterns in
the study arca.  the unconsolidated surface lavers over-
laving the bedrock consist of marl (lime), sand, «silt,
and clay with gravel.

5.4.5 General Soils. Generallv state and other government agencics have
a department of natural resources with o division of land and seil that
will supply a general soils map on order. Often a seil survev is avari-
able on a countv-by-county basis: this soil survew is published in
cooperationwith the U.S. Department of Agriculture Soil Conscervation
Service. The soil survev report usuallv notes the tvpe of bedreck 0
which the soils are derived as well as the surface characterigtics ot
the local soils. In most of the published survevs the soils are classi-
tied according to soil associations, which represent those soils having
unique characteristics. The data for given associations, including

soil tvpe, drainage, slope, and land use of the studv area, have heen
extracted from the Fairfax Countvy Soil Survev, (for more Jdetail see
appendix B) as follows:

Example = The soil desceriptions arce basced on associations devived
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from the Coastal Plain scediments and are related be land-
forms. The alluvial plain and low tidal flats are coeverod
with sand, sitt, clav, and gravel of the Matapeak-
Mattapex-Woodstown association. The intermediate and o
terraces are occupied by Matapeak-Mattapex and Voodstowr -
Matapeak leamy, gravelly sediments.  The high terrace iw
occupied by the LUNT-1i11v and steep asscciation and
consists of lToamv and gravelly sediments varving from west

to east.

5.4.6 Hydrologv and Drainage.  Streams and rivers forming the mainr
drainage channels are found in the studv area. When possible, the tope
; of drainage pattern is recorded for ecach watershed, and the succcossion
of smaller to larper streams is noted. Identifving the pattorn rav be
tacilitated by searching for a matceh among those in figure 5.2, Tvpical
data that are extracted from available hvdrology reports (see appentisz B)
are given in the following example.

Example - The unconsolidated fluvial clavs te gravels have a Tairly
well-developed drainage svstem, although there are some
poorly-drained areas: the cverall pattern tends to be
dendritic. The tidal flat and alluvial plain landforms
have meander systems. The low terraces have no genceral
drainage pattern, and some wet areas are artificallyv
drained for cultivation. The high terraces are characrer-
ized by the runoff pattern formed by the crosion of the
unconsolidated sediments; small areas arve poorlw drained.
All the surface runoff flows into drained channels that
ceventually empty into the Potomac River.

5.4.7 Vegetation and lLand-Use. Most arcas of the world have maps that
stow the distribution of vegetation that depicts rhe major forests from
which the local vegetation has originated. VFor a particular area nder
study, the forest cover is noted from which tree species mav be interred.
In the example used here the following data are extracted from the Soeil
Survev Report (see appendix B).

Fxample - CGrasses and weeds occur in the marshland areas of the
alluvial plains and lowland tidal zones. TForests occcupy
most of the terrace landforms. Tn the forested areas one
may expect a mixture of hardwoods such as hickoryv, muaple,
beech, and poplar and softwoods such as Virgiunia pine.

The forest understorv consists ot laurel, huckleberry,
spicebush, red bud, and others. Whitce oaks and red oaks
and vellowpoplar are generally associated with the deep
soils of the Coastal Plain. Svcamore, river birch, white
elm, and willow ocenpy alluvial plainsg white pin oak,
scerubby white oak, and post oak grow in the lowland olavey

coils.
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Fand-nse inforration includes agriculture, woodlots, forests,

orchardas, evavel pits, and others. Alse the location of urban areas and
ros o dentiar structures are recorded, Tn this example the Fairias Counts
Soil Survev provides the descriptive materials (sce appendiz B), a source
of the extrected dats shiown below.

Vears e o

—

! e Ll there de oa omivtore of Indastry and air o itar
with urban and military facilities occupving the landforms.
Transportation facilitices arce adequate with major roads,
railroads, and airports secrving both commercial and
residential facilities. Schools, colleges, churches and
other facilities are adequate. The population growth is
steady, with a good labor market avoeilable for sovernment
and industry. Generally there is no threat to the economic
development of this arca.

5.4.8 LANDSAT. LANDSAT data recorded in dipital form and converted to
black and white images are available from FEROS Data Center, Sioux VFalls,
south Dakota. When these images are ordered in print format (copies arce
in appendix B), specifv winter acquisition dates, bands tive and seven at
1:250,000 scale. 7This source of information can provide a uscful,
svnoptic view of major drainage svstems, land-use patterns, and general
Iandforms. Data extracted for the studv area are given below.

Example - The study area is of diverse chariacter as cevidenced hv the
variation in grav tones observed on band-five and band-
sceven imaves of LANDSAT. Once arca of unifors dark tone is
found to be a tarve drainage channet, the Potomas River.
Tnis channel is especially noticeable on the band-=cven
print because of its black tone. AL the drainace channels

are shown to be flowing toward the Potomac River.  The Qo

of the bhigh terrace landform exhiibits the dendritic
drainage pattern.  The region contains larse urban arcas
that appear in lighter grav tones on the bhand-five irace.
fhe Targe undeveloped rural areas appear darker becausce of
the vepetation.  The agpricultural ficlds are identifiable
bv their rectangular <hapes and variable tones, frem Ticho
to dark depending on the stave of crop prowtio, =oil tune,
and moisture conditions,

5.4.9 Adrphoto Index.  Photo indexes Tor arcas in the Pnited States can
be ordered from the U.S. Department of Apriculture, Production and
Sarketing Division, Salt Lake City, Utab. Voreisn, as well s some d
indexes, can be obtained from the Detfense Mapping Apencey Pvdrovraphic)
Topographic Center (DMATTCOY Washington, Do, Me photo indes sheot,
wsually at 1/673,000 seale, providesthe fdentity of stereo photos to be
ordered. Tt also aids the analvst in the diccornment of Tandform and
land-use features.  An example is eiven on the nest pace te show e the




photo index (sce copv in appendix BY is used.

Example = fhe phcte iadex for the Fort Belv ir area was cotained from
DML, From this indes photos T1-2(37-41) and S1-%04 =000,
U 146,000 seaie were ordered. fhe index was altse yeod

tor a syvooptic view similar to that ohserved on LANDSAL o
the major landtorms, regional drainage patterns, and
transportation ond other facilitics.

5.4.10  The Data Base Summarized.,  The short narrative description givon
below is a summary ol specific Jata base Information extracted from 1in. o=
ature, maps, and imagerv.  The ceastal Plain s & simple, nearlye fiae
structure consisting of unconsclidated lavers oif mar!, sand, silt=, oad
clay recently elevated abhove the ocean Vloor. nothe western edye at oo
Piedmont the Coastal Piain besing and prades imperceptibly in on eastes i
direction to the coast. This rvolatively smooth surtace has ridges an!
hills paralle]l with the coastline, often alternating betweer hard and -0t
rocks. The low to high level forms consist of tidal river flats, 7 ioal
plains, and low, intermediate, and high terraces.  lext the analwvst bogins
the detailed analvsis phose of the study area.

5.4.11 Adr Photos, Sterco Coverage. Alr photos can be obtainc’ from
the U.S. Defense Mapping Agency, Hvdrographic/Topographic Center, na0d
Brookes f.ane, Washington, D.C. 20335; Acrial Photography Field 07 [ce,
ASCS-USDhA, 2222 West 2300 South, P.O. Box 30010, Salt lLake Citr, “tah
84125; U.S. Geological Survev, EROS Data Center, Sioux Falls, -outh
Daketa, 571983 and U.S. Geological Survev National Cartogy ohi Intor-
mation Center, Reston, Virginia, 22092. For the air photo inilvsis
portion of the studv, air photo scales from 1/20,000 to 1.5 00 are the
nost efficient; smaller scales can be used, but the amount and accuraew
of data on landforms diminishes with the scale.  The example given below
identifies the airphoto coverage (sce appendix B) used, ' liowed by the
tvpe of data extracted during the stereophoto studv.

Example - The 1/40,000 scale air photos tor the =iy area are
identified as S1-8(37-41) and (42-46), Jdaced 27 act 72,
These airphotos are used in stereo and mesaic form.  During
the stereoscopic observation, the Photo Pattern Data
Flement intormation is extracted for cace anticipated
anknown landtorm.,  To illustrate inis nrocedure, example
of information extracted for the landtorss of the Fort
Belvoir studv ares tollow (Figure 5.4, Note that the
vxtracted dat o clements are Tisted in the toraat sugcested
in table 5.0,

5.4.12 Topographic Maps, U.o, Geological sSurvev 00709 quadrany 1

sheets are obtained from the National Cartographic "ntormation Centor,
Reston, Virginia 22097, Jopovraphic saps at /50,000 conle are ordered
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from the Defense Mapping Agency, Hydrographic/Topographic Center,
Washington, D.C. 20335.

The pertinent types of topographic information obtained from USGS
quad sheets and/or U.S. Army map series are as follows: maximum and
minimum elevations of the terrain, with ranges of elevations, contour
spacing, and densities for each separate landform being noted; natural
features as they relate to vegetation cover; the stream patterns,
meanders, and gradients; and the cultural features such as roads, rail-
roads, airports, land use, and extent of rural and urban areas and other
All the pertinent information assists in preparation of the
Photo Pattern Data Element descriptions. The maps used (see appendix B)
and an example of the data extracted for the Fort Belvoir study area

Example - The topographic maps at 1/24,000 scale for the study area

are the Fort Belvoir, VA-MD and Annandale, VA sheets; the
1/50,000 scale U.S. Army topographic sheet is Indian Head,
MD; VA, sheet 5561 II, Series V733. The maximum elevation
for the study area is about 350 feet with the minimum at
low tide approximately a foot or so above mean sea level
(MSL). The elevation ranges for the several landforms

are tidal flat, < 20 feet; alluvial plains, 20 to 40

feet; low terrace, 20 to 100 feet; intermediate terrace,
100 to 170 feet; and the high terrace, 170 to 270 feet
with some scattered locations reaching the maximum as
given above. Vegetation cover consists of forests to
scattered wood lots with some swampy or marshland areas
indicated. One major stream, the Potomac River, flows
through the study area. The streams and large creeks are
double-lined on the map in areas with less than 100-foot
elevation; hence they can be classed as rivers. Elsewhere
there are numerous minor streams. At the lower elevations,
such as near tide level, the streams meander considerably.
The contour spacing varies fron widely spaced, which
represents the flat-topped terraces, to densely spaced,
which indicates the steep slopes. Many state and county
roads crisscross the study area along with major inter-
state routes connecting the important local urban areas.
Major rail lines, with north-south and east-west orienta-
tions, traverse the study area terrain, serving the diverse
land use, which varies from urban to rural in character.
The cultural land cover is scattered farmland to residential,
commercial, and industrial; military reservations occupy
much of the land. Additional specific information related
to each landform is given in figure 5.4.
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5.4.13 Landform Factor Overlay. The earlier paragraphs have given the

a priori background information and its revelation of landform expecta-
rions and the photo pattern data elements of each landform in the vicinity
of Fort Belvoir. With knowledge of the expected landforms, the factor
overlay delineation is begun. A description of the procedure for
delineating the landform factor overlay is given as follows: The analvet
ooates and delineates the boundarics of tidal river flats, alluvial
plains, and terraces. With the overlay mylar sheet registered to the
airphoto mosaic and using a plastic marker (permanent fluid), the analvst
delineates the boundaries of each landform, placing lines in position on
the cverlay that he visualizes as the separations or partitions for the
landforms. An early step in the procedure is to mark at strategic
locations spot elevations for each landform; these elevations are read
off the topographic map and placed in corresponding locations on the
mosaic/overlay for the analyst while distinguishing the several unknown
landforms. For example, the tidal river flat has elevations less than

20 feet; these are placed on the overlay in spots recognized as part of
the tidal river flats. At the next level, elevations between 10 and 40
feet are used to distinguish the alluvial plain; the analvst uses the
wide contour spacing and pattern of stream channels to depict this ter-
rain level. The low and intermediate terrain landforms, from low to high
level respectively, occupy locations within the 20- to 100- foot contours
and 100~ to 170- foot contours. The high terraces occupy elevations
higher than 170 feet. Again, for these ranges of elevations the contour
spacing assists with discriminating the terrace locations. The terrace
landforms have the more dense contour spacing, whereas the alluvial plain
and tidal flats have the wider contour spacing. The midterrace landform
contours have the intermediate spacing. The relative contour spacing
density along drainage ways is also an indicator; the contours are closer
together in the upper terraces and further apart in the tidal river flats.

The landform boundaries are otserved on the airphoto mosaic and
marked on the overlay where tonal and topo changes occur. Usually
useful tonal/topo changes are formed at the terrain slope breaks, where
the higher surfaces change to lower terraces or the lower terraces change
to tidal river flats. The topographic/tonal breaks provide the boundarv
lines between the landforms. When the terrace/tidal flat boundarv line
is being marked on the overlay, the analyst visualizes the topographic
break while looking through the steroscope for the relief change. The
analyst also looks for the contrasting dark/light tones representing
the forest cover versus grassland cover occurring at the tonal/topo break.
The airphoto mosaic and the topographic map are observed alternately for
these tonal/topographic markings.

Similar observations are used for separating terraces. The flat,
generally level terrain with low relief and low-frequency gully distribu-
tion represents the low terraces. This terrain is contrasted with the
higher irregular-surface of the high terraces of both scattered wooded
areas and urban built-up terrain. The deeper more frequent gully svstems
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contribute to the irregular relief that is characteristic of this terrain.
The analyst visualizes these tonal/topographic contrasts and marks on

the overlay the lines that represent the boundaries between upland and
terrace. Stereoscopically, the slope break-tone contrasts are based on
observing relief differences in the predominant features. The Fort
Belvoir landform overlay at reduced scale is shown in figure 5.5.

™

I
TE
\
W TE

Legend

T High Terrace 170-270 "t

Ti - intermediste Terrace 100-170 ft
20-100 1

TE Low Terrace

AP Aliuvial Pisin 20-40 1t
TF  Tigat Aiver Fist <20t
TE

Figure 5.5. Landform Factor Overlay.
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6. SURFACE ROUGHNESS ANALYSIS METHODS

6.1 General.

Surface roughness, as used in this guide, refers to all surfac,
irregularities that are too small for mapping because their heicht are
less than the map contour interval. For a typical 1:50,000 scale topo-
graphic map with a contour interval of 20 peters, all linear or are.a!
irregularities with a height of greater than 1.5 meters but less than
20 meters are referred to as surface roughness.

The analyst is concerned with one of two approaches in arriviny at
a surface roughness index (SR1). The first approach, outlined in
section 3.0, is a fast means of determining surface roughness and
utilizes the experience of the analyst along with the assigned landforrn
SRI values that appear in section 7 of this guide. This approach will
probably be used by the analyst after familiarity is gained with those
landforms included in section 7. The second approach, detailed here in
section 6, is based upon quantitative measurements taken from topo-
graphic maps and/or aerial photos. This approach should be used by
analysts unfamiliar with either the given study area or section 7, and
also in special situations where the analyst is unsure of the estimated
SRI for a given landform or portion thereof.

The second approach consists of two SR1 analvsis methods: the tope-
graphic map technique and the airphoto analvsis technique. The end
product of either analysis is the SRT, which is a measure of the number
and frequency of occurrence of irregularities of less than a map conteur
interval for a given landform. The numbers shown in the SRI overlav
legend (figure 6.1) correspond to various levels of surface rcughnecs
(the higher the number, the greater the roughness).

6.2 Surface Roughness Factor Overlay Procedure.

The determination of surface roughness requires the services of a
skilled terrain analyst, who visualizes the landform's surface rouvimess
and makes inferences concerning the existing irvrepguiaritics. TFor exampic,
some landforms commonly contain erratics or boulders that ore not
mapped topographically and are even too small to be scen on aerial photo-
graphy. When the analyst has correctlv identified the landfore, using
the guidelines of section 5, he is ablc te infer the surtace rouphness in
terms of the occurrence of boulders.

The tools available to the terrain analvst to accomplish this chore
are typically the 7'; minute topographic quadranple, or 173,000 seale
topographic map, and aerial photoeraphv at a seale larver than 1730,000.

ObviLusly, the larger the scale of the photography, the preater is the
detectability of surface roughness featurcs. Informal studies have shovn
that there is perhaps an expeonential increase in the ohaorved nurher o
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Figure 6.1. Surface Roughness Factor Overlay
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ground indicators of surface roughness as the photographic scale increases.
Unfortunately, the aforementioned large-scale photography is not usually
available to the terrain analyst. Therefore, inferences concerning
surface roughness must be made by the analyst based on indicators,
knowledge, and experience.

Using the guidelines in section 5 and working with the 7'; minute
or 1/50,000 scale topographic map, the terrain analyst identifies the
landform. However, the topographic map does not give as much ground
detail as does the aerial photography of similar scale. Therefore,
these data sources are used together to determine the surface roughness.
The topographic map prov.des an overview of the terrain, and the aerial
photography provides the more detailed information.

The surface roughness overlay is prepared by first delineating and
identifying areas of the terrain representing each landform. As shown
in figure 6.1, the numerical SR1 value then replaces the landform
designation.

6.3 Obstacle Analysis Technique.

There are three general classes of land obstacles to be treated in
this section: point, linear, and area. These features are ground
chstacles only and are recorded on the surface roughne:r; overlay.
Obstacles related to surface drainage are shown on the watercourses and
water bodies factor overlay. Point obstacles are features greater than
1.5 meters high with near vertical faces that are too small to be
portrayed as an area obstacle. Linear obstacles are hinderances greater
than 1.5 meters high with near vertical faces and are at least 2mm long
at map scale (100m ground distance @ 1/50,000 scale). Area obstacles
are ground features with greatest dimension of at least 2mm.

The obstacles under consideration are both natural and cultural.
Natural obstacles include depressions, vertical-walled gullies, ridges
and knobs, escarpments, boulders and erratics, and rock outcrops.
Cultural obstacles include rock fences and walls, quarries and gravel
pits, road and railway cuts/fills, hedgerows and retaining walls. Often
these types of obstacles do not show up on 1/50,000 scale topographic
maps or on aerial photos at scales smaller than 1/20,000. Because of
this detectability problem, the terrain analyst need- to be familiar
with the terrain types (landforms) in order to make the proper infer-
ences as to the character and properties of observed obstacles.

The inference process requires an experienced terrain analvst who

an recognize the Lindforms being observed in the airphotos. The analvst
may not visually detect the smaller obstacles directly but infers their
presence indirectly from his knowledge of the terrain tvpe. Vor example,
whoo a Tandform has been identificed as a elacial end morainm , e

cxpurienced analvst 'hen expects to find bonlders, even thouph the




position of each boulder is not detected on the airphot~. 1In the case

of a flood plain landform, once this type of terrain is r- ognized, the
analyst will expect to find gravel pits with stecep-walled arvas, or
steep-walled canals. Folian landforms often contain steep, perhaps
vertical-walled gullies and roadway cuts which commonly occur in loessial
soil. Another example of this infce¢rence process occurs in limestone
plains where the analyst expects to observe such features as rock exposed
along roadway cuts, sinkholes, rock fences, and erratics. Sandstone and
shale upland plains may also be e¢xpected to contain obstucles sinilar to
those noted above.

In every case, the analvst must attempt to speciticallyv locate
all land obstacles and symbolize each with the appropriate svmbol on @0
surface roughness overlay. If the available source materials wure in-
adequate for detection of the smaller obstacles, a ..-criptive note
should be provided which describes in general the tvpes and locations ot
obstacles the user can expect to encounter.

6.4 Topographic Map Analysis Technique.

This section describes the topographic map analvsis tcechnique for
finding SRI's of landforms. The technique involves the use of toporraphic
maps to obtain quantitative, repeatable surface roughness measurcments.
These measurements of contour spacing, fence row frequency, number of
contour bends, contour bend wavelength, and contour hend amplitude requird
the use of a grid and scale and are labled A,B,C,D and ¥ respectivelv
in table 6.1. After measured data are obtained, a surface roughness
index is computed as shown later. The SRI provides a numerical index
for the landform. A flow diagram of the topographic map technique for
SRI derivation is shown in figure 6.2.

To facilitate the surface roughness measurement procedure, it is
suggested that an identification number be temporarilyv assigned to each
bounded landform on the overlay. This should make it casier to keep
track of which landforms have been measured and also, ‘n the case of o
questionable SRI, it is possible to go back later and find the samc
landform. The following paragraphs discuss the method of obtainine
measured surface roughness data from a topographic map.

6.4.1 Measured Data - For determining the measured data, an appropriate
size grid is required (figure 6.3). The grid is prepared on a shect of
clear acetate and is composed of a number of cells, which arc formed by
the intersection of vertical and horizontal lines. The prid sheuld be
drawn with an extra-fine pen. The vertical lines arc lettered AA-EL,

and the horizontal lines are lettered FF-LL as shown in f{igure 6.3. 1ach
grid cell should be 2.5 c¢m x 2.5 cm or approximately 1 inch x 1 inch

(1 inch = 2.54 cm). The observation of measured data is bascd upon o
standard, linear ground distance of 4000 feet. Since the lengsth of a sidd
of a cell represents 2000 feet, the measurements are made alens the i tes
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TOPOGRAPHIC MAP TECHNIQUE FOR SURFACE ROUGHNESS

Delineate and Identify Landforms of Study Area or Obtain Completed Landform
Factor Overlay

Obtain Topographic Map(s) of Study Area

Measure Surface Roughness Properties of Each Landform
Measured Properties:

A. No. of Contour Lines/1.2 KM

B. No. of Fence Rows/1.2 KM

C. No. of Contour Bends/1.2 KM

D. Contour Bend Wavelength

E. Contour Bend Amplitude

)

Caiculate Surface Roughness index (SRI)

SRl = E/D JA+C+0.1(B)

Figure 6.2. Flow Diagram of Topographic Map Technique for SRI Derivation
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Figure 6 3. Grid Used With 124,000 Scalc Topographie Map
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two cells. For topographic maps with other scales, the grid must be
asjusted according to the ratio given in Equation 6.1:

(6.1)

rur
N

1l
wlw
S

Ly = grid dimension for 1/24,000 scale

grid dimension for scale of interest

o
N
|

1/24,000 map scale

o
—
i

Sy = map scale of interest

The result of this calculation insures that the grid dimensions are prop-
erly adjusted for differences in ma» scale. As an example, consider the
use of a topographic map with a scale of 1:50,000. 'The proper dimensions
for the grid are determined by equation 6.1. Here 89 = 1:50,000: thus
the cell size Ly can be computed as follews:

i

2.5 cm./L 1/24,000

2 1/50,000
Ly = 1.2 cm

Grid dimensions for topographic maps of various scales are shown in
table 6.2:

Table 6.2 Grid Dimensions for Various Map Scales

Scale __ __ _length of Sides
1:24,000 2.50 c¢m.
1:50,000 1.20 cm.
1:62,500 (.96 cm.
1:125,000 0.48 cm.
1:250,000 0.24 cm.

These grids are shown in figures 6.3 and 6.4 In the foliowine para-
asraphs the factors required in calculating the SRU arve lettered ABe cte.
in the same sequence as shown in the columns of table 6.1,

A, Contour Spacing - The prid on clear plastic is laced over
representative portion of a piven landform on the copo raphic map as o in
figure 6.5, Once the arid is in place, the edpes of the clear plasti
sheet are taped down to provent the grid from povinge. Thep nroceed s

follows: count all contour tines eroscing cach verticat Tine (7 i

and horizontal Tine (FF=L1Y, divide tihe wcaluac obtaimd tor A= 0

=1 by 3 and 2, respectivelvy then cotal the caduwes o i coreate the
6H-0
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AR SRR e wadaes should be recorded in o table o own Tor ti
Lorse Lave, bwentucke sap sheet, table 6030 Celunn &, contour s
o ey il snbdivided Inte twe colhmns, Column A1 tiate the nurhor
cotimes that ooacn srid line is crossed by oa contour line, and columrn 82
sivers the contour spacing per 5 em for cach prid line. n this vxample,

the limestone plain, there is an average of 17.1 contonr lines per 5 oonn.

[t iv not alwavs possible to use the entire grid tor a siven portion
of the landform.  In that case, use o portien of the vrid that satisrfact-
orily covers the study area. The values recorded in column A are divid . d
ov o the proper number as shown in the left-hand ceolumn o obtsin the nurber
of contour lines per 5 em. For example, if there are only 4 Lerizontal
wrid lines, if.e., FF-11, the values of column Al for AA-FF are divided by
.50 T necessarv, the grid overlav can be expanded to cover more sap
areqa.  Also, cone must be car-ful to note the contour interval on the
tepevraphic map. “he technique explained here has been developed for
the 10-toot contour interval as a standard, but for anv other contour
interval a correction will be required. Vor example, it aiven a rope-
araphic nup with a “0-foot contour interval, the final average in ocolurmn
A is multiplied b+ 3. Here one counts all the contour lTines Intersceting
vertival and horizontal lines on the grid overlav.

B. Ecncimﬁpy;jfgﬂggﬂgi ~ Fence rows, as used in (his guide, rofer to
all Tinear manmade tfeatures that occur on the surface of the terrain.
These features include true fence rows that usually represent properts
Tines and are denoted on the USGCS 1:24,000 scale topo raphic map bv red
dashed lines. Alsc grouped in this cateporyv are roads, tolephone lines,
pipelines, and power lines. The measurement procedure followed s the
same as the one discussed for contour spacing, except that fence rows
are counted.  tor example, the limeszone plain has 3.2 fence rows per
5 cm (see table 6.3). Tt is noted that true fence rows are not depicted
on U.S. Army 1:50,000 or smaller scale topographic maps.

C.  Number of Contour Bends - Using the prid placed on the map, select
one contour line within cach cell. The selected contour line should
intersect opposite ¢grid lines. VFor each contour line, count the number of
bends within a grid. This value represents the number of bends per 2.5
¢, Record these values as shown in column C1 of table &.3. It is not
necessary to include every cell and it mav be impossibic to do so for some
terrain. Although the precision will be enhanced with a greater number
of measurements, be sure a representative sample of the landform is used.
To obtain the number of contour bends per 5 cm, double the results of
column Cl and record these values in column C2. Then total column 2
and compute the average. As measured and recorded in table 6.3, the
limestone plain has 25.5 contour bends per 5 cm.

D. Contour Bend Wavelength - As with the contour bends, select a

representative cell sample, where one wavelength measurenment mav be made.
The measurement, which represents the distance between the peaks of the
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comde {Cigure bocd, Gn Jditermined wilo .o ot
moasurements and record these values and totals o0 shown in colamn Loof
oleny th for top. -

6.7 then comjpute the average.  Th

Lo i !

sropbic mape of goales other than 1:24,000 oot b adjusted.  For oxample,

noa tepographic map with 1:62,500 scale, the average waveleneth is com-
[RAR ! ] ’ o

sured as 0010 emy the adjusted average wavelength is obtained by the pro-

rtion shoewn below.

X ... . .1/24,000
0.19 ¢n 1/62,500
X = 62,500
L cm.) = 0.06 cm.
24000 (0.10 ¢m.) cm

F.  Contour Bend Amplitude - This procedure requires measurement of
the amplitude of representative contour bends {(figure 6.6). TFer the
cample being used, the values obtained tor the amplitude measurcments
are recorded as shown in column E of table €.3. In this case, the
averasge amplitude for the limestone plain is C.17 cm. Note: 1t is a
sood idea to measure the amplitude on the contour bend on which the
wavelength measurement was made.

L Wavelength
n —

Amgatude J

Figure 6. 6. Wavelength and Amplitude of a Contour Bend.

5.4.2 Surface Reughness Index (SRI) from Tepo Map Measur-roerts - The
v! is calculated from the following equation:

RN

SeT = E/DNA+C + 0.1 (B) (6.2)
Where A No. of contour lines per 5 cm. or per 1.2 km.
B = No. of fence rows per 5 ¢m. or per 1.2 km.
C = No. of contour bends per 5 cm. or per 1.2 km.
D = Contour bend wavelength (cm.)
E = Contour bend amplitude (cm.)

Fquation 6.2 was developed for the 1/24,000 scale topographic map. The
terms within the equation have to be weighted differently for smaller
scale topo maps where the detail is sparce. The contour detail para-
meters, A and C, are summed together and considered to be an exponential
function. This term is then multiplied by the ratio of the contour bend

[ A Y D Take severas!




amplitude to the contour bend wavelength. The amplitude terr reflooce

the degree to which the terrain is mmdulating. ‘he bigher the nure 7 otor,
the nigher is the value for the SRI representing the surface rouvhnes-.
The measured value for wavelength to a large extent depends on the den=icn
of the gully pattern; this value is in the denominator: hence, rhe -mallo
the value of this term, the greater is the surface rouchness.,  Incpe
bination, larger values of amplitude and the =malier valuces 1 wavelenst
result in greater SRT values. The term for fence row iroguency is
identical to that found in the equation used in the airphot. cnaive s
technique, as will be shown later.

Surtace roughness index values will vary ior g s ivea fanator,
For example, if the grid is removed after an initi:l ~BI .valuacicon o
then replaced on the map for a ~econd SRI evaluation, the gvid ;oioc
will alter the measurements. The values for the contenr 5 g woes beas
and amplitude are the most variable because of the ditticults in ot gpevie
4 representative portica of the ltandiorm. The reatie of to oplitud.
wavelength produced the largest effect on the final SRT value. But jt i
vncouraging to note that the SRT values did not vary by an amount rect:
than +1 for consecutive muap medasurencnts. For instunce, the infti;
value for the limestone plain was found to be 3.79, s shown boelow, cor-
pared to a subsequent measurement giving an SRT = 3.38. Usiny couat ion

n.2 for the limestone landfeorm, we calculate the VT Troam the worooe

seasurements noted in table A.3 ax Tollows: i
?
6.17, r=—————— . i

SRI = =~ '

/T7.1 + 255 + 0.1(3.2) = 3.79 !
55 VIT T+ 255 (3.2) =3 |

The procedure shown above should assist the torrain annlvst's
understanding of surface roughness estimation by the use of the tope-
graphic mur - chnique. The main advantage of thi- technique is thiat i
provides ~tematic process for calculating the surface roughness of
various 1ooodizor=ms as found on a topagraphic map. [t sheuld be emphasiced,
however, that equation 6.2 mav need refining atter toesting at rmap sealow
different from 1/24,000; the present results arce «til! comewhar tertative.
As this systematic process is applied and as one b sves Tarmitiar i)
various landforms and their SRI characteristics, more consistont con-
clusions may bhe expected.

¢.5 Alrphoto Analysis Techniduc.

The analysis involves an orderlv sequence of stobs as vollows:

1. The determination of an estimated SRI value based on the analvet's
general expectation for a given landform resultine “rom his inttial
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ubservations of the airphoto paticras.
2. An airpboto analysis of surface rougliness propertics.
3. Calculation of SRI using equation 6.3.

A flow diagram that summarizes the airphotce technique for SRI
derivation is given in figure 6.7.
6.5.1 Istimated SRI from Airphotos. The estimated SRI i determined ae
the analyst initially becomes familiar with the landforr and its enpren-ioon
on the airphoto. The photography is scanned for those irrepularitics on
the terrain that are directly responsible for ground surface roughness
such as contour bends, gullies, point obstacles, fence rows, tonal
changes, and linear obstacles--and each of these features is counted. An
with the topographic map analysis technique, the analvst visualizes the
landform as ranging from a smooth surface such as a lakebed (8R1 = 1) to
a rugged mountain (SRI = 8). The analyst estimates the character of
the irregularities and assigns an SRT value. This estimated SR can e
derived more systematically as is shown in the followine paragraphs.

6.5.2 Calcul: e § ace Roughness Index. Fquation 6.3 below i-
used to determ a surface roughness index from measurements o airphot.
The SRI value derived frem this equation for a given landform will
vepresent all Ui ouserved irregularities. As with the tovopraphic nap

procodure, meas vorents are based on a standard distance of 4000 feet ov
1.2 kilometers.

2
SRl = 0.1 —2P2Y Lo Ve +0.1d+ 020+ F (6.3

2
wiere a = pumber of contour bends per 1.2 ke
b = number of gullies less than 3 m wide per 1.2 km.
¢ = number of point obstacles per 1.2 kn.
d = number of fence rows per 1.2 km.
e = number of tonal chanpes per 1.2 km.
f = number of lincar obstacles per 1.2 km.

Parameters a and b in the -quation represent related erosion:] charac-
teristics, which are averaped togpether as a single term in the equation.
These parameters are included as an expenential function to represent
the depree of difficulty in traversing terrain with an increasinely dense
pattern of contour bends and gullies.  The same would be the case with
the number of point obstacles.  That is the deprec of dittfiealty in
traveling through terrain in which there is only one beulder per kilo-
meter would essentiallyv be zeros  In fact, 10 boulders per Lilorcter
would bepin to present a problem, and 1000 per kilometer would procent o
stpnificant, irvesular surface reurbness features el the inerense in
deyreee of traverse difficulty would no fonger be a Tinear tunction.  The

nurbers of tence rows, tenal changes, and Tinear obstacles are considerad
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AIR PHOTO TECHNIQUE FOR SURFACE ROUGHNESS

Delineate and ldentify Landforms of Study Area or Obtain Completed Landform
Factor Overlay.

Prepare a Photo Mosaic of the Study Area. —l

]

.

Measure Surface Roughness Properties of Each Landform.

A.

Prepare a Working Overlay of Erosion Lines. Count the Number of Contour
Bends per 5 cm.

Obtain Completed Watercourses and Water Bodies Factor Cverlay or
Prepare a Working Overlay for Alignment of Watercourses and Water Body
Shorelines. Count the Number of Watercourses with & Dry Gap Width of
3 Meters or Less per 5 cm.

Prepare a Working Overlay for Location of Qutcrops and Erratics. Count the
Number of Qutcrops and Erratics per 5 cm.

Prepare a Working Overlay for Alignment of Fence Rows. Countthe Number
of Fence Rows per 5 cm.

Prepare a Working Qverlay of Linear Obstacles. Count the Number of Linear
Obstacles per 5 cm.

Calculate Surface Roughness Index (SRI).

SRl = 0.1 (é‘éi)f + 01T +0.1d « 0.2¢ + f

Figure 6.7. Flow Diagram for Air Photo Technique for SRI Derivetion
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to be represented by lincar torme in the cquatioa.  The fincar -
stacle term, f, carries the most weight because 1L is constaered o
represent a surface with large (or very large) irrceularitci.. .
welights assigned to cach paramcter resulted from extensive trial and
error and adjustments after testing the cquation on sceveral tvpes of
landtorms, “hich range from a flat lakebed landfors {(SRT = 1) to o
tilted interbedded sedimentary rock landforn in an arid clicate (SR1I7Sy,

6.5.3 Airphoto Data Elements.  Fach ot the following data elements is
defined in the next paragraphs: (a) nunbor of contour bends, (LY nusber
of gullies, (¢) number and location of point cbstaclen, (4) aarber ot
rence rows, (e) number of tonal changes, () number and location of lineo
vhstaces, and (g) location of arva obstacles.

a. Contour bends - Contour bends arce counted by fdentifving tha
nunber of times the slope anple chanves sivn from positive (41 to necatio
(=) and vice versa, i.e., counting the undulations on the crcand sar: ..
A given terrain protile or cress seotion rav have sceveral s tope hiomge

as shown in figure 6.8 (the location of coach slope Siyo chome e e in-
divated by a vertical dashed tine).

—_—— e —— ——x

—_———— e . ——x

Fiqure 6. 8 Slope Change as a Method fur Counting Contour Bends




Lo o ulli - vullies are dngoortant In the surtace rouphne s

Jetermination.  Wet or oarv, sullicon ae vecevnizable when airphot .

stodiced In stercos A watercourse ol o) hecomes a4 osurtace rouphne .
feature when fts dry owap width 003 ccters or lenas Sy widt

definea as that widta of channel thoy T et toe natoryeenrse docin
oth Tow= and hiivh=-water stines, P widtd 1 messare s -t o=

cuatlyvoat thwe Yirst o svepe breald abeos ware s ool oo e tratee T

Ory (ian
Aoan

1ure 6.9,

=X
\

Exrsting Stroar Leent

Figure 6.9 . litustration of Dry Gap Width

Tt fu veaally casier oo stady o vul !ty costem doon c sepor
cverlav o than to use i dravn on the phioto ftsel e ihiis Is pavtfoviar?s
truce of complicated terrain., For o theou dr oyl -0 all the soitie.,
tributaries, and primary waterveourses sheald be carctulby oand rafrino ]

triacod ente an overlav.  CThe Tivst step 1o the analvsis is theretore, Che

‘

creparation of an overlay showving Lo dradnase -vsten for the studs Grca.
the secend step in the analvsis requires determinagtion orf vhere the 3=
meter cap width begins upstroar on cach watercourse. This entaifs
‘erailed stercophoto studv by the terrain analvst anag caleulatior
what horizontal photo measurement is rvequired to distinvaish widtos of
Joroters or less at the scale of the photovraphy boine used.  Thi o i
rcconplished by solvine equation 6.4 tor hooizontal reasurenent,

horizontal photo measurcenent = oy ShLA)

X = drv zap width = 3 meters,

v = factor converting millimeters to meters = 1000 mn/m,
z = pnoto RI' denominator = 24000,
horizental photo acasurement = (3) (1000) O, 00y o

24,000
f.oeo, dry pap widths of 3 maters measure approximatels ¢
aillimeters on 1:24,000 scale acrial photosraphv,

it is rec tily apparent that this soall peasurenent canpot

dachicved using a4 conventional rule rradoated into UV millicreter intorvalee,
In order to quantitatively measuare picrorelict foeatures, one must o
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aocess to o elither very irpe scale photography oy a micrometer scale.  lror
tabice 6.4 it is seen that the smaller the scale of the photographv, the
smaller is the required weasurement.  Anv scale smaller than 1:3,000
reaquires a measuringy rule gradusted in units smaller than 1 millineter in
orvder te detfine dry pap widths of 3 meters or less en aerial photopraphv.

Tabte 6.4. Photo Mezsurements Required to Detect a 3 Meter Dry Gap Width at
Common Photo Scales.

! To detert a At a fRequires a
dry dp @.0in phote scale photo measurement
of of of
3m 160 000 005 mm
s 1 50.000 006 mm
T 3m 135 000 009 mm (approx.;
dm 124 000 013 mm (approx }
Im 1 20.000 Q15 mm
3m 1.15.000 020 mm
3m 110,000 030 mm
3m 1 5,000 060 mm
3m 1 3.000 100 mm
¢. Yoint Obsticles - These are small surtace irrepularities,

greater than 1.9 meters high, that show a high amount o!f svmnetry in
plan view., Thev include such obstacles as erratics or native boulders,
pinnacles, sharp-pointed ridge crests, pointhars, etc. Thev are often
ditfienlt to identifv on acrial photographv, and thev require the terrain
analvst to detect minute detail, A magnitvine glass should be used for
these observations.  In addition, some landforms will exhibit certain
tvpes of point obstacles.  Por example, some glacial tills are character-
ized by the presence of boulders, often verv large, completely foreigp to
the local bedrock. These boulders, large or small, are known as erratics.
Often, native houlders are found in low=lving areas or on hillsides,
which have broken awav from strata lving somewhere on the slope above.
These boulders are commonly found along mountain streams and mav be very
numerous; theusands mav be present in a distance of onlv a few hundred
meters,

d. Fence Rows - As explained in the topepraphic map technique,
Fenee rows are representative of changes in property ownership and are
often obstacles to cross—country movement, especiallv when built as rock
wills or hedgerows. The lines are counted when observed on air photos,
and their frequency is used in the surface roughness equation.  In general,
tence rows are not representative of reliet! except that in flat terrain
thev occur in straight line patterns and in hilly terrain thev occur in
irregultar or curvilincear patterns,
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e. Tonal Changes ~ Texture or tonal roughness is an aggregatica o
unit features each of which mav be too small to be discerned individus' v
on the photography. It is a product of slope, size, pattern, shadow, ..o
tone. Tonal roughness may be quantified by evaluating its variabilitvy
in terms of gray scale values within a unit area. A rouvh irea venld
exhibit a large degree of tonal variance, whereas a sinccth area weld
exhibit less tonal variance. To measure these tonal variations, the
number of times the photography tones change in value is counted bv
comparing them with an uncalibrated Koduk Paper Grav scale.* This sonls
is divided into ten reflectance values ranging from 0 percent (hlack)
100 percent (white).

f. Lineor Obstacles - These are elongated =ur.ace irvepiiavic!
greater than 1.5 meters high with near vertical inc: . Som coary |

include rock outerops, sharp ridge crests, terrace cdae-. oo Tidy ; s
guliy walls (as occur in loess), and man-made obstac’es A EATR Ehoh SRS

and roadcuts.

The most common lincar ohstacle s the roci ontoren,
result from mass wasting »~f less competent raterial adiacent o
strata, from taulting, and from excavation. [inear obsincies aro

graphically expressed Lv g closce grouping of contour iines, sad e o
expressed on the photography as sharp breaks o0 slopes b opao ot
sharpness of thoe slope break can be artected oo the oo oiae vrne oy
surrounding vegetat ion. wvomav boe expressed s Pineor o it o

few meters long or thev mas he hundred f met. s fo 0 o0t
along fault zones.

g. Arca Obstacles - These are obstacles which severery rostric
land movement and include both aatural and man-rade teaturea. Jome
examples are lharge guarcics<, bovider fields, strip oine, and torreo
hills.

The airvphoto patters data ercment s havins . i,

next step is 1o cxplain the measurenent technoooo a0 h o0
culations to Jereroine the Surtace Boochness o

0.0 A Adrphote Mocarerienty, Fhis met o vipes HENE '
aopriden plactic - ompoe g et eV thir e the : Co
distanee o 0 oot gt PR ST R N
civien ovrid olae s Ve Voo et
H.1l are exarpios o wor Do nreroane ooaee Boe e
Fespective b A S | SRS AP AU SR N
dr e, ’ . L R
[ ¢ (- ' ; ,
i [T

LR " .

. : :

s 1




Table 6.5 Grid Sizes for Various Air Fhoto Scales.

Air Photo Scale 1415 000 1:20 000 124000 L 130 000
Amount of ground surface 1250 1 1666 ft 2000 1 2500
covered per inch of photo
- . —
Amount of ground surtace 2500 3332 4t 4000 1 5000 tt
covered per 5 ¢m of photo (0 & k) (10 k) (12 kmit (15 kmj
Size of grid cells to give 12 ke 8 om 6 5 4cm
{4000 f1) standard ground
coverage l L
S — NNV S D NNDUSPSNND WU R —

Once the appropriate grid is nrepared, it is placed over o sl

sterecopair then fastencd with paper ¢lips, and the observation and
ment of surface roughness data elements is pertorred,.  Each data o
is counted or measurced separatelv.®  This step requires the use of 2
ragnificr that includes a measuring scale within or 4 paanitfication
with separate scale. Along each line scament, A=", B=B, cto, connt
number of times that the data olement transects the arid line.  hen

determine the frequency of occurrence per 1.7 ke otor the data eloement

N

i.e., the numbers obtained bv countine along A=
are each divided by 3, and the numbers obtained be Counting

21

e

1o

e

e b

Ve BB, U=y =Dy oand -

G-Gy H=H, 1=1, -0, K=K, and .- are cach divices v 200 The Tinel resui:-

are recorded in the format shown in table 601,

Details concerning observations ond reasurements for ot sop

data element foellow., A fictitious =et o nurbers (s naed 0 the toh

to illustrate the precedure,

ol contour bends, I plan view, these chanpos o

by stercoscopically observing the phetos tor the sumber of slope sian

reversals (undulations).

Foo Prepare a table as given in table 606 1oy vrecording the doata,

2. ace the avpropriate size vrid over the aerial phaet ceraphs

Voo Steresscopical by ostady the vhotos aod coant the ooy tim.
the slope sipgn changes abony cach Tiae, S=8, b=2y oty Pocerd thiean
nurbers as is showvn o oo Jurn B,
SNOLE ey The deciaion whether to traee o data clement ooy v rb iy over-
Pav o or to count directly trom the photo tercep iy = vonde by the analyvet g
However, tor peinty lincoer, aood area s st bo s rking over) o G bd
be prodoced o taviiitaty tranater o obhatacte b gt to e wnart g
Forphness osrer ban,

(-1
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Figure 6.11 Grid for 1/30,000 scale photography (Each 4-cm grid represents 1.2 ki'ometers)
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Figure 8 13 Grid Fracemant lor Counting "he N mber a1 Lineat 07 Point Obsy'ar
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7.2.1 Coastal Plain/Continental Plain
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7.2.2 . Tidal Flat Basin/Beach Ridge
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7.2 5 Summary ot Surtace Roughness Measurements Fiuvial Forms

Measurement Method
Form Average] SR1°
Empiricat | Air Photo | Topographuic Map

Alluviad Fan 4 15 ) 22 T2 E
Continental Plann 2 1 06 14 1
T-dad Flat 3 3 14 A2 3
Coastal Ptain 3 34 30 T3

Beach Ridges 2 48 P 29 3
Defta (Bird's-foot) 3 32 Py o7 3
Delta (Arc) 2 26 1 1a 2

“Note See Section 6 for explanation of method for derwing SRI values




7 3 introduc t.Gn to bunaer Forms’

Treeftects ol tho trane por it e G SO GTan T AN aWn g ST hOD G€ very S 1A 10 Those O the
ansportation o oratenats by cheaen ffodat act oo Eoban tdnsported parucles are carnegd to the
atmosphere ether close to the surface of the groanid i a fashuon simidar W stream bedloads of huher
s the surface of the grows- 10 A T1Shon SINT L0 sesfended strean i0ady . The lower tayer consitts of
s which scatter and bounce anng the surfaco pernags aever ong more thar four feet The upper
Aye s QU susSpendeg 10ad Tortnnag tee it St S 2ed parbctes whict qee careed for great distances ay
oty ttuges

Eoaan deposits cludv i sahiy Sunes, which gucr net e source of the matenad and (o iuess. or
st daposits, which are often carced greal distances by the wind covernng large areas

Distribution - Eotlian lan-forms occur widely through ali parts of the: world. but are especiatty
votnmaern adjacent to glaciauon zones and targe 1100d plains, 1n and cimates. ang along coastal areas

North America, United States and Canada  Belts of sand dunes are found along the coasts of the
Atlantic and Pacific Oceans and the (Great Lakes Extensiveinland dune formations are found in the Great
Basin in Nevada and n the deserts of southern California Loess deposits are tound adjacent to the large
rvers of the Mississippr Valley and cover significant portions of lowa. illincis northern Missourt,
southwestern Wisconsin, western Tennessee. western Mississippi, and others

Sand dune deposits in Canada are few and scattered Loess 1s tound in simall 1ocalized deposits
through southern Saskatchewan

South and Central America - 3and dune formations occur in the central basins ¢f Peru and Chile
Extensive deposits of loess cover most of northern Argentina southern Uruguay. and southern Paraguay

Afnica - Extensive areds in Afnica are covered with sand dunes Loess cover s found along the coastal
sections of Morocco. Atgena. Libya, and the United Arab Republic Scattered small deposits occur across
north central Africa from Senegal to Ethiopia

Europe - Sand dunes are dominant featurcs along the French coast of the Bay of Biscay. and the
~oasts of Belgium, the Netherlands. Denmark. and eastern Russra along the Baltic Sea Dune format.ons
also occur along tne major rivers in southern France. Spain. and southern Russia north of the Black Sea

Asia -- Sand dunes occurn many areas of Asia. including Mongoha to northers Inc.a, the Gobi Desert,
the reg:on from Synia through iran, and most of Saud! Arabia.

Major deposits of loess are found throughout the Hwang-Ho River Valley in China and along the
northeastern edge of the Caspian Sea

Austraita -- Much of central Australia contains sand dune formations, including the Great Sandy
Gibson, Great Victona, Tanam:, and Simpson Deserts

Thin foess deposits cover the central port:on of Austrahia Thicker deposits occur along the
southeastern coast of South Island. New Zealand

Pacific and Canbbean Regions - Small, calcareous sand dunes of locat onigin are scattered through
the regions No significant deposits of loess are fourd

The maps on pages 7-48 and 7-49 show the Uniled States and World distaibution of Eohan forms

A flow diagram for Eoiran torms (7-50) illustrates how the terrain analyst may enter this sectiun 1o
develop information on a landform of eohan ongin The diagram may be entered at tve top to !.nd a given
landform based on ongin or entered at the bottom of the diagram when based on form

Topographic map, air photo and surface roughness data elements are described for Eohian forms .in
the following paragraphs At the end of this section. the results of topographic map and air photo surface
roughness measurements are tabulated

‘From Way, D.S,, Terrain Analysis, 1978, < Dowden, Hutchinson & Ross. Inc . Strouds-
burg, PA.




Distribution of Echan Landforms Within the United States.

Source: Way, D.S.. Terrain Analysis, 1978, < Dowden. Hutchinson & Ross. Inc..
Stroudsburg. PA, p 267
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7.3.1 Loessial Plain/Loessial Plain
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Loessial Plain -- Gully Features Northwest of Cotton Milt Lake Recreation Area.
Nebraska. BMO-4H-25
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7.3.3 Dune, Sand/Dunc, Sand
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Results of Topographic Map Surface Roughness Measurements: Eclian
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Resulits of Air Photo Surface Roughness Measurements Eohan
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7-68

7.3.4 Summary of Surface Roughness Measurements. Eolian Forms

Measurement Method
Form Average]SRI*
Empirical | Air Photo | Topographic Map
Eohan Plain (Semi-and) 6 49 39 49 5
Eolian Plain (Hunmiq) 5 73 44 56 6
Folian Plain (Humid) 3 30 27 29 3
~ . = 4 3 . ;
Sand Dunes (Andg) 5 7 [Empinican 3 5
Sand Dunes (Humid) 3 31 23 28 3

‘Note. See Section 6 tor explanation of method for deriving SRI values




7.4 Introduction to Sedimentary Rock Forms”

Sedimentary rocks are formed by the deposition of sediments transported by streams. ocean or wave
currents, ice. or wind. Most sediments are remnants of previously decomposed and disintegrated igneous
sedimentary, and metamorphic rocks, but some are derived from chemical reactions and organic sources
When a particular transporting agent can no longer carry their mass, the sediments are deposited
Variations in the velocity of the transporting agent produce layers or beds whaose particles vary in texture
and 1ts the presence of beddm%;_ planes that distinguishes sedimentary from igneous rocks. the latter tend
10 be massive and nonbedded The bedding pianes in sedimentary rock are originally laid gown parallel to
the earth's surface. but later may be hited by movements of the earth’s crest

Sedimentary rocks accounting for approximately 75 percent of the earth'sexposed tand surface occur
in two categones The first category ncludes clastic or tragmental rocks, such as shales. sandstones. anqg
conglomerates  oniginating from other rocks The second category are formed from chemical and
biochemical (organic) sediments precipitated from solution (examples are calcium carbonate. and iimy
parts of orgamisms such as corais, algae. foramimfers, clams. and snails}) These sed:ments :nciude
limestone. gypsums, and salt Large orgamc or swamp deposits upon hithification become coal and are
commonly found interbedded with other sedimentary matenals Coal 1s not included here

Most sedimentary deposits onginate underwater in oceans resultings from stream and river system
flow. The sediments consist of gravels, sands, silts. and clays, the resuiting deposits vary 1n texture
according to the distance from shore and water vetocities at the tme of deposition

Distnibution - Some regions of the World containing well-consolidated sedimentary rocks are hsted in
the following paragraphs

North America. United States and Canada — The regions inciude only those where residual soils have
developed from weathered sedimentary rocks. In the United States. sedimentary rocks ot all types ang
athtudes are found 1n areas adjacent to the Appatachian Mountains, the central plains .in1scattenngs
throughout the Rocky Mountains

A band of interbedded segrmentary rock extends across most of Saskatchewar and eastern Alberta
across the Northwest Territones just west ot Great Bear Lake and 1nto the Ajaskan north siope

South and Central America - Sedimentary rocks are tound in suuthern Argentina and thraugnhout
parts of Brazd

Africa Sedimentary rocks are widespread across Afeca with surfaces of residuat sous
4

Europe  Sedimentary sock: are found assooated with most European mountain ranges Southern
Engiana. Ireland. and France have the major formations

Asia - Large portions of western Russia and central Siberia consist of sedmimentary rock with
scattered systems occurning through Tibet Less exposures can be tound m Cambodia and Thaiang

Austrahia - Sedimentary rocks are found in most of Queenstang parts of South Austraha. ansiparts of
western Austraba

Pacitic and Canbbean Reqgions - Weli-corsohdated sedimentary rocks occur v the isiands of curan
formations and coguina

Sedimentary depasits are found in parts of Cuba Haiti. the Dormiican Repubhc. and Puernte Rico
Iimestane formations are most common

The maps on pares 7 70 ared 7071 shaw the Unted States and Worid distana o of Searrentan, By v

frarers

A flow diagram for Sedimentary Rock forms (7-72) iitustrates how the terrain analyst may enter this
section Lo develep intormation on a landform of sedimentary origin The diagram may be entered at the top
to tind a qiven landform hased on ongin or entered at the bottom of the diagram when based on form

Topograptic map, ar photo. and surface roughness data elements are descrnibed for Scdimentary
Pock forms in the tollowing paragraphs At the end of this section the results of topographic map and ar
photo surface raughness measurements are tabulated

‘From Way. D S . Terrain Analysis, 1978, < Dowden, Hutchinson & Ross. Inc . Strouds-
burg. PA
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Distribution of Well-Consolidated Sedimentary Rock Parent Materials in the United
States. Note — Glaciated Areas Are Not Shown.

Source: Way, D.S., Terrain Analysis, 1978, < Dowden, Hutchinson & Ross. inc
Stroudsburg, PA, p. 83.
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7.4.1 Sandstone/l.imestone
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Sandstone Upland Ridge — Vegetation Density. BTB 3vg5
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Sandstone Upland (Humid) — Flat-Lying Agricultural Plot. BTB 3V95

Sandstone Upland Ridge -- Valley Feature BTB 3v35s




Limestone — Qutcrop Near Horse Cave, Ky. ALO 48-36

Limestone — Cultivated Sinkhole




7.4.2 Shale/Sandy Shale
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7.5 Introduction to Igneous Forms”®

igneous rocks are formed by the sotidification of magma or molten rock matenal on or within the
sirtace of the earth Igneowus rocks are classibed either intrusive, (formed beneath the surface of the earth),
or extrusive (formed on the earth's surface)

Intrusive Igneous Rocks (Gramitic Matenals) - Intrusive igneous rocks were solidified tfrom molter
wova material beneath the surface of the earth as plutons, regardless of size, shape. of composition The
crystalhine structure of igneous plutonic rocks is well developed owing to their slow process of
sotdihication. Plutonic rocks underlie all rock types, forming a ptattorm or basement supporting the surface
racks Exposure takes place if the overriding materials are weathered or eroded away Plutonic rocks occur
on only 15 percent of the earth's surface

Extrusive Igneous Rocks {Basaltic Matenals) -- Extrusive \gneous rocks are of two types Onetype s
formed py volcanic eruptions which pour moiten lava onto the earth’s surface, where it solidifies The other
rype- includes fragmental rocks of aif sizes which have solidified at the surface of the earth

Volcamc magma does not develop a large crystalline structure, for the cooling of the material 1s rapid
aro ine resulting crystatline texture 1s so fine that 1t is not apparent without magnification Most extrusive
rouis are danse and glassy in appearance, but they can be filled with gas bubbles or even frothy

Extrusive rocks eccur throughout the world, but account for only about 3 percent of the totai exposed
contrental land surface

Distnbution -- Granite 1s @ predorrunant igreous intrusive rock form prowiding the foundation tor mos?
ot thie continental masses and the central core of many mountainous structures. Basaltic and volcanic forms
soour scattered acioss most of the continents in small deposits

Nortti America, United States and Canada — The New England states of Massachusetts, Vermont New
Hampshire. and Maine contain massive granitic forms. Other granitic areas inctude the Adiroricack
vh ntains of northern New York. a large batholith in central Idaho, the Black Hills ¢f South Dakota. the

Aerra Nevada region of Cahifornia, and the northern Cascades in Washington

Moot of the eastern hall of Carada has exposed granitic rock Basaitic ‘“rmations are foung in
southcentral Bribhsh Columbia

Souih "mu’ Ceuil 'al Amenca \,r.ewa granitic intrusions are ‘ounu " 30(.’.‘1"'1 Venezuela ..owtb(nn
e wenn Frendt D as Ll Loe Bragd the southeast coant of Rens L proraanent teraugh
rnosf o( Centra Amenca

Africa lgneOus yranitic format.ons occupy large areas in Africa including Madagascar. The broadest
Loeerage extends auiele contral Afnca, then southward along castern coastal sections. A 'arge basattic
region exterds across central Eth.opia into western Kenya

Curope: Norway Sweden, Fiuiang, and bordernng Russian territones consist mainfy of granitic
matinals lgneous intrusions ocnug s nerthern Scotland. central France and northwestern Spain

Asia Exposed gramitic intrusiong sccur over most of india. Ceylon. the northern portion of the
Mongolian Repubh( narthern Manclhuna, and the bordering regions of Siberia

vala Mast of Westerst Austriate s gramtic, there are fawer outerops i the Northeon Toor ey
dthern Australia Ne significset Basaltic formations are found i Australiz

Pacific and Cannbean Regions - No sigmiticant reqional granitic deposits are tound i the Pacitic
Lo Rostofthe stands of the Pacfic central basm are basalti ircluding the Hawa::an Isiands the
Hn'uhaﬂs and the foundations of many lagoen-forming istands

';( @b scattered gramtic oatcrope “-astthroughout Puerto Rico and the Vicgie ofands Tho W ndward
laedtinds consist of Lasalt o raatenal,, and soallercd deposits are found i the Doranecan Regubl o

The maps on pages 7-38 and 7 39 show the United States and World aistrination of faneous torms

A fiow diagram for Igneous forms (7- 100} iffustrates how the ferram analyst may enter this section o
develop information on alandtorm of igqneous aniqin The dhagram may he entered at the top to find 4 qiven
aretiorm hased on origin or entered at the bottom of the diagram when hased on form

Topographie. map. air pnoto. and sutface roughness data elements are described for lgneous frms:n

the following paragraphs At the end of this section the results of topoqgraphie map and ag pbato surtace
10y yrjhness measurements are tabulated

*From Way. DS. Terrain Analysis. 1978, «Dowden. Hutchinson & Ross. Inc .
Stroudsburg. PA

a7



o °°

Distribution of Igneous Landforms in the United States.

Source: Way, D.S.. Terrain Analysis, 1978. < Dowden. Hutchinson & Ross. Irc
Stroudsburg, PA, p. 143
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BS Pnysiography (Cont)

The muxed Priedmont Upland and tugh Codastal Plait terraces are bounded on the
east by the mgh Coastal Piain terraces and on the wes! by the Predmont Upland This
area occupies about 23 percent of the county and has an elevation of 30010 400 fee!
above sea level in most places 11is along the fall line between the Piedmont Uplanc
and Coastal Plain physiographic provinces The soi's have formed from metamorphic
rocks - gramte gneiss and qudrtz sencite schist - similar to those 1n the Piedmont
upland The sedimentary deposits in which soils have formed and which overiic tti:
Piedmont Upland are of Hiuvial, old alluvial, and manne ongin This sedimentar,
matenal usuaily occup: s the broader ndgetops that have gentie 1o undulating slope-.
of less than 10 percent Tne soils that developed in these sedimentary deposits occur
i widely scattered areas that make up about one-half the acreage n this section

The mixed Piedmont Upland and the high Coastal Plainterraces are drained mainly
by Accotink ana Pohick Creeks and by Holmes and Pimmit Runs Pimmit Run fiows
north 1nto *he Potomac River. and Holines Run flows toward the southeast The
drainage pattern s generally dendntic Stecp V-shaped valleys and a few blutts have
tormed where tarqge streams have deeply dissected the uplands A small part of the
section 1s sO poorly drained that the soils need artificial drainage before they can be
cultivated Many soils formed in fluvial and altuvial sediments have a tragipan (dense
subsoi). which causes them to drain slowly

The huygn Coastal Pia:n vccupies about 22 percent of the county and s along the
eastern edge Elevavons range from 6010 250 feetabove sea level This section covers
two or three of the migher Coastal Plain terraces. mainly the Brandywine ard
Sunderland terraces. and smalf areas on the Wicomico terrace near the eastern
noundary of the section This section consists mostly entirely of Coastal Plain sand
sit. clay. and gravel of manne or fluvial origin that overhie Piedmont Upland matenal
mawnly gramte gneiss and serncite schist

Between this section and the low Coastal Plain there are hilly and steep areas along
the large streams and near the breaks Most of the section consists of wide upfand
rdges that are undulating and rolltng  The drainage generally 1s toward the southeast
and s fairly well developed It consists of Accotink Creek and the Hoimes, South and
Back Lick Runs Many siowly permeable and many gravelly soils are in the section
The acreage of wet soils needing drainage is small

The low Coastal Plain terraces occupy about 4 percent of the county Thissections
n three different areas butis mainly onthe Dismal Swamp terrace atlevels thatare 5to
20 feet above sea level This terrace 1s a young marine deposit consisting of highiy
stratfred and mixed sand. silt. clay. and gravel The topography is mostiy nearly level
and very gently undulating, but there are small areas of rolfing and hilly terrain near the
large creeks and rivers The general drainage patterns are not weil developed Most ot
the soiis are too wet far cultivation unless they are drained artifically.



B6. Landforms
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B7 Bedrock and Surface Geotony
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B8. Bedrock and Surface Geculogy
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Vegetation
Vegetation

Fairfax County was originally covered entirety by forests of hardwond trees mixert
with scattered Virginia pine and redcedar Small guantities of hemiock were scatternd
along Occoquan Creek and Occoguan Bay in the southern part of the county Yellow-
poplar and other harJwood trees grew most!y on the lowsr Coastal Plain 4nd on coo!
sites tn the Piedmont Upland. Oaks mixed with scattered Virginia pine grew on the
drier sites on the upper Coastal Plain ana Priedmont Upland Chestnutwas commonon
the fnable Manor. Glenelg Appling, and Elioak sotls in the Predmont Upiand and on
the hitly, gravelly sotls of the higher lying Coastal Plain Qak. scattered pine and
redcedar were most abundant in the Predmont Lowland Most of the timber from
pioneer clearings was roiled into piles and burned. excep! for the small part that was
used as matena! for the necessary farm buildings

About 40 percent of the county areais now in forest. whichis widely distnibuted over
the county. The largest and most continuous areas of forest are in the Coastal Plain
and Piedmont Upland provinces in the southeastern part of the county The Predmont
Lowland has the highest percentage of cleared land, and very Iittle itany virqin timber
remains. Most woodland consists mainiy of white. red. pin.black, post. blackjack and
chestnut oaks and hickory. maple, beech. poplar. black locus!, sassatras dogwood.
gum, and holly. There are a few scattered. pure stands of Virginia pine A few patches
of hemlock are in the southern part of the county along Occoquan Creek and
Occoquan Bay. Chestnut sprouts growing from old tree stumps are found mainly in
the Piedmont Upland. The poorest woodland 1s generally on the higher Coastal Plain
soils that contain fragipans and on the Piedmont Lowland soils that have a fragipan
and claypan. or that are shallow over hard rock

The kind and quality of trees are an expression of the so1l and mossture condition ot
the site. Inplaces thereis a direct corretation between the sotls and the species of trees
that grow in them naturally.

Pin oak grows 1in almost pure stands :n the wet. flat. hne-textured Eibert and Croton
soils of the Piedmont Lowland. Scrubby white cak, with a large percentage of
blackjack and post oaks. grows on the heavy. clayey lredell and Kelly soils in the
Piedmont Lowiand. Red and white oaks grow into large. tall trees on the deep. fnab.e.
weli-drained Etioak. Glenelg, and Bucks soils However. the same species are shot!
bodied and siow growing on the shalfow. droughty Penn and Catlett sotis

White and red oaks and yellow-poplar grow into the best. long-hodies trees in the
county on the deep soils cf the Coastal Plain These deep soils have good moisture
conditions for trees and are underlain by strata of sand Chestnut oak or scrubby.,
short-bodied white. red. and post oaks grow mainty an the Beltsville soils. which have
a fragipan 16 to 20 snches below the surtace Sycamore niver birch, boxe!der white
elm. and willow are the most common species on the Chewacla and Wehadkee sotls
and on Mixed atiuvial tand of the fiood plains

Trees grow at ditferent rates on the vanous exposures of a site Chestnut oak grows
poorly on some of the rocky and shallow soils on ridges Howe.er 1t grows tall and
produces good timber an the East- and north-facing slopes and «n maoist coves
occupted by the Meadowville, Manassas. and Glenvi'le: soils

The understory in forests consists mainly of laurel huckleberry spicebush. wiid
grape. runminq cedar azalea. greenbrier mountain-tea, serviceberry red-osier.
redbud. sumac. and dangleberry



B12 Vegetation (Cont.)

The species and growth of grasses and weeds vary on the different soils according
to management. idle fields contain many plants, including broomsedge, dewberry,
blackberry, cinquefoil. hawkweed, ragweed, aster, greenbrier, sumac, orchardgrass,
bluegrass, wh. :clover, wild onion, beggarweed, stickweed, yarrow, oxeye daisy.
sourgrass, sheep sorrel, Spanish needle, crabgrass, lespedeza, and narrowleaf
plantain.

Properly managed permanent pastures generally consist mainly of bluegrass.
whiteclover, and crabgrass. In addition, there usually is some redtop, orchardgrass.
hawkweed, narrowleaf plantain, broomsedge, and other weeds and grasses in the
mixture. Temporary pastures used in long cropping systems consist mostly of
orchardgrass, but they have some fescue. ladino clover, timothy, lespedeza, and
redtop. Chickweed is common in many alfalfa fields.
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B17. Fi. Belvoir Landform Factor Overlay (Watercourses, Spot Elevations & Selected Roads Added)
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A, 818. Ft. Betvoir Surface Roughness Factor Overtay







